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ADVERTISEMENT. 


EDICAL  ELECTRICITY. 


X  H  E  benefical  efFe6ls  which  have  been 
experienced  by  the  application  of  Ele6lri- 
city  in  a  variety  of  difeafes,  render  it  necef- 
fary  for  every  pra6litioner  to  medicinally 
examine  this  pervading  principle. 

As  the  knowledge  of  this  branch  of  phi- 
lofophy  is  yet  in  its  infancy,  it  requires  the 
united  obfervations  of  many  individuals 
before  its  influence  on  our  organization  can 
^e  well  afcertained.      Every  complaint  in 
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which  it  may  be  advantageoufly  employed 
fiiould  be  accurately  charafterifed,  and  its 
effe£l  in  every  ftage  of  the  difeafe  care? 
fully  ftated, 

With  fuch  a  profeflTional  confideration, 
Mr.  Wilkinson,  Surgeon,  has  fitted  up  at 
hisHoufe,  N°  lo,  Leicefter-Street,  Leicejler- 
Square,  an  appropriate  and  extenfive  Ap^ 
paratus :  by  employing  Eleftricity  on  fo 
large  a  fcale,  he  flatters  himfelf  he  fhall  here- 
after be  eriabled  to  inake  fome  ufeful  infer- 
ences. 

Every  Cafe  hz  purpofes  accurately  tQ 
mark  down,  to  obferve  the  ftated  periods 
when  any  efTefts  are  induced,  the  degree 
of  power  employed,  and  the  requifite  time 
for  its  application  particularifed. 

To  accommodate  thofe  who  prefer  th^ 
admipifiration  of  Elefiricity  at  their  own 

houfes. 


houfes,  Mr.  W.  has  arranged  a  number  of 
portable  eleftric  Machines,  which  he  equally 
fuperintends. 

Terms  for  Attendance. 

To  be  eleftrified  every  Day  at  the  Medico- 
cleftrical  Rooms,  one  Guinea  per  Week. 
To  be  accommodated  with  an  Apparatus  at 
their  own  houfes,  and  there  attended  daily, 
two  Guineas  per  Week, 


AN 


PREFACE. 


THE  effecls  of  Eledtricity  in  the  cure  of  dif- 
eafes  being  by  fome  difputcd  or  even  denied, 
it  becomes  an  objed  worthy  of  enquiry  what  cre- 
dit is  due  to  fuch  inlinuations,  and  whether  the 
truth  ©f  the  remark,  if  admitted,  may  not  be  found 
to  arife  from  fome  irregularity  or  neglccl  in  the 
mode  of  its  adminiftration.  As  an  agent  in  nature 
■few  will  deny  its  influence ;  and  the  experiments 
which  have  been  made  by  Ingenhouze,  Beccaria, 
Bohadfch  and  others,  fufficiently  evince  itg  cfFeds 
on  animated  matter.  With  regard  to  its  medical 
^utility,  a  variety  of  cafes  may  be  adduced  in  illuf- 
tration  of  its  etfecfls,  and  in  tcitimony  of  its  falu- 
tary  and  fuccefsful  application,  where  the  mod  ce- 
lebrated and  powerfal  medicines  have  been  unpro- 
fitably  employed.     How  then,  it  will  naturally  be 

B  alkcd. 


Vi  PREFACE. 

afiied,  is  the  ufe  of  that  remedy  difcontinued  or 
at  leaft  negleded,  w  hen  fo  much  can  be  faid  in  its 
favour?  I  reply  to  this  qucftion,  by  admitting  that 
in  a  variety  of  complaints  it  is  of  no  ufe,  and  that 
even  in  thofe  inftanccs  where  it  may  be  v/ith  pro- 
priety recommended,  it  can  afford  no  relief  unlefs 
judicioufly  applied.  We  can  certainly  not  be  at  a 
lofs  to  account  for  its  being  confidered  a  precari- 
ous remedy,  when  we  recoiled:  how  often  it  is 
entruftcd  to  perfons  who  are  not  acquainted  with 
Anatomy  or  with  difeafes,  and  whofe  pracflice  may 
be  comprehended  in  this  fentence,  "  I  eleclrify 
"  patients  J "  or  who  can  perhaps  add  to  the  lift 
of  their  qualifications  bleeding,  cupping,  and  all 
operations  of  the  Teeth.  I  beg  I  may  not  be  con- 
iidered  as  having  any  *  perfonal  allufion  in  making 
this  remark,  which  proceeds  from  daily  obferva- 
lion  of  thefe  circumftances.  At  prefent  there  are 
many  practitioners  in  this  metropolis  well  ac- 
quainted with  their  profefTion,  who  have  applied 
Eledricity    with    propriety    and    fuccefs.     Mr. 

*  We  may  venture  to  blame  even  Tome  judicious  practi- 
tioners for  their  inaccuracy  in  this  refpeft,  for  moft  writers 
on  this  fubjeft  have  contented  themfelves  with  faying, 
*'  Eleftricity  was  applied/'  inftead  of  mentioning  the  mode 
or  the  continuance  ;  whereas  it  is  certain  that  it  varies  ac- 
cording to  the  manner  in  which  it  is  applied,  as  much  as 
any  two  medicines  in  the  materia  medica. 

Bircln 


PRE  FA  C  E.  Vll 

Birch  has  enriched  the  records  of  medicine  wiih 
many  ufeful  f^ifts  and  obfcrvations  rehitive  t* 
this  fubjecT:,  and  iliewn  by  fome  practical  argu- 
ments the  efficacy  of  this  principle ;  and  Mr.  A- 
bernethy  has  bore  teffimony  to  its  utility  in  cafes 
of  Pfoas  Abfccfs,  &c.  As  there  is  ftill  ample  la- 
titude for  further  enquiry,  every  thing  which  can 
contribute  to  extend  its  ufe,  it  is  prcfumed,  v/iW  be 
received  with  approbation,  by  which  perfuahon 
I  am  induced  to  inform  the  public  of  an  eftablifli- 
ment,  which  has  been  particularly  conftrudled 
with  this  view.  In  order  to  adminifter  Ele6iri- 
clty  with  more  regularity  and  fuccefs,  we  have 
compleated  an  apparatus  with  confiderable  ex- 
pence,  and  by  the  aid  of  a  variety  of  inftruments, 
are  enabled  to  apply  it  in  any  requifite  manner  and 
with  any  degree  of  power ;  and  as  we  ahvays 
keep  an  exact  regifter  of  the  hiftory  and  progrefs 
of  the  difeafe,  we  are  capable  of  afcertaining  its 
amendment  with  exactitude  and  precifion.  The 
following  cafes  will,  I  truft,  evince  the  advantage 
of  this  undertaking,  and  add  fomething  to  the  code 
of  practical  intelligence  ;  and  we  (hall  feel  obliged 
to  thofe  who  will  favor  us  with  any  communica-. 
Uions  which  may  improve  the  fubject. 


MEDICAL    EFFECTS 

OF 

ELECTRICITY. 


T  would  exceed  the  limits  and  intention  of  this 
fmall  publication  to  enter  into  an  exteniive 
and  critical  enquiry  of  the  different  publications 
which  have  been  delivered  on  the  effects  of  Elec- 
tricity in  the  cure  of  Difeafes  j  nor  would  it  be  a  very 
profitable  employment  to  the  reader  to  recapitulate 
thofe  fads  which  are  recorded  in  others,  however 
it  may  be  right  to  premife  its  general  effeds  pre- 
vious to  the  infertion  of  cafes,  which  will  be  the 
belt  confirmation  of  our  remarks.  Every  one  knows 
almoft  the  effedl  which  is  produced ;  when  an  accu- 
mulated portion  of  this  fluid  is  fent  through  the 
body,  it  agitates  the  frame  in  fpite  of  the  mofl  de- 
termined refolution  j  when  applied  in  a  diminiih- 
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ed  ilatc  of  aocurnulation  to  the  furface  of  the 
ikin,  for  fome  tiir^e  it  excites  a  degree  of  rednefs 
or  infiammation  ;  hence  its  ftimulating  properties 
are  well  known,  and  many  who  recommend  its 
life  attribute  its  fuccefs  to  this  principle;  they  con- 
fider  it  more  powerful  becaufe  more  penetrating 
than  other  applications  of  a  ftimulating  or  rube- 
facient nature.  This  fuppolition  does  not  appear  to 
be  jufl",  as  it  has  often  been  beneficial  in  cafes 
"where  it  has  been  applied  without  any  fcnlible  fti- 
niulus,  and  indeed  admitting  the  opinion  to  be 
truCj  that  the  human  body  is  fo  replete  with  eleiflri- 
city,  that  no.j,  additional  quantity  can  be  added 
without  difpoffeffing  that  which  was  previoufly 
contained,  it  will  appear  evident,  that  this  idea  of 
ilimulus  is  inadequate  to  afcertain  its  operation. 
But  without  entering  any  further  at  prefent  into 
the  examination  of  this  hypothefis,  we  will  pro- 
ceed to  the  conlideration  of  its  effedls,  when  ad- 
minifiered  in  that  form  which  may  moft  properly 
be  ft-yled  flimulating,  and  in  this  common  mode 
of  its  being  applied,  fufficient  attention  has  not 
been  paid  to  the  peculiar  circumflanccs  of  the  pa- 
tient. 

In  thofe  inftances  where  there  are  glandular  ob- 
flruclions,  where  there  is  a  paralyfis  of  the  deeper 
fcaicd  parts,  or  where  there  is  an  effulion  or  de- 
\:oiit  cf  matter,  the  application  of  Sparks  will  be 
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found  generally,  if  not  always  infufficient  for  the 
purpofe ;  it  is  true  it  may  here  be  objedled  that 
the  ftimulus  is  propagated  from  the  furface  to  the 
feat  of  the  Difeafe,  as  when  a  blifter  is  applied  to 
the  pubis  or  the  facrum  for  a  paralyfis  of  the 
bladder,,  but  this  is  not  a  parallel  example.  We 
know  from  pretty  certain  obfervation,  that  Can- 
tharides  have  a  fpecific  action  on  the  urinary  or- 
gans, whilft  the  effed:  of  Sparks  applied  to  the 
fame  furface  will  be  that  of  inflamm.ation  of  the 
flvin,  and  determination  of  blood  to  that  part,  and 
hence  the  ufe  of  Sparks  is  not  only  different,  but 
fometimes  oppoiite  to  that  of  fhocksj  as  we  fliall 
be  enabled  to  prove  by  fome  inftances. 

Another  mode  by  which  Eledricity  may  be  ap- 
plied, and  which  has  not  been  generally  introduc- 
ed into  pra6lice,  is  by  throwing  off  the  accumu- 
lated portion  of  an  eleclrical  battery,  not  by  any 
means  by  a  communication  with  the  outiide,  and 
thereby  giving  a  fliock,  wliich  from  an  apparatus 
of  that  defcription  would  be  extremely  hazardous, 
but  by  paffing  off  the  ftream  by  means  of  a  direc- 
tor :  this  application  of  it  is  extremely  pungent, 
and  if  perfevered  in  for  a  few  minutes,  excites  a 
confidcrable  inflammation  on  the  fKiii,  hence  its 
efficacy  in  removing  the  deeper  feated  pains,  as 
Pleurify,  where  blifters  though  very  ferviceable 
are  too  tardy  in  their  operations.     In  dzdiifvlns 
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the  car,  it  is  neceflary  to  pafs  a  metallic  rod  through 
a  glafs  tube,  whofe  extremity  is  adapted  to  the 
meatus  auditorius  externus ;  this  remedy  is  very 
appropriate  to  different  fpecies  of  this  complaint. 
In  that  depending  on  a  relaxation  of  the  Membrana 
Tympani,  it  wiM  be  proper  to  pafs  flight  fliocks 
through  the  temples ;  the  moft  charadleriftic 
fymptom  of  this  fpecies  of  deafncfs,  is  the  patient 
hearing  better  when  riding  in  a  carriage,  or  being 
in  any  lituation  where  the  Tympanum  can  be  dif- 
tended  by  the  impulfe  of  the  air.  In  another  fpe- 
cies of  deafnefs,  arifing  from  a  diminifned  fecre- 
tion  of  the  Cerumen,,  the  application  of  Eletftricity 
to  the  internal  part  of  the  ear  is  wonderfully  effi- 
cacious ;  indeed  it  will  be  very  e3.{y  to-  explain  this 
on  a  phyiiologica!'  principle,  for  as  it  is  an  axiom 
that,  cseteris  paribus,  a  fecrction  is  increafed  in  pro- 
portion to  the  quantity  of  blood  determined  to  the 
part,  fo  here  the  effed:  takes  place,  from  the  irri- 
tation or  ilimulus  of  Eledricity,  which  if  applied  to 
a  non-fecreting  furface  would  occaiion  rednefs,  fo 
applied  to  a  fecreting  membrane  it  increafes  the 
difcharge;  on  this  principle  EictLricity  will  be 
found  ufeful  in  thofe  cafes  where  fecrcri an  is  de-- 
jicient,  and  where  there  is  a  degree  of  inavflion  in 
the  velfels  of  a  part ;  hence  wc  have  adminiitercd 
it  Vv'ith  fuccefs  in  Ulcers  of  the  Legs,  not  by  ap- 
plying fparkG,  however,  to  the  furface  of  the  fore, 
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but  by  pafiing  flight  fhocks  thro'  the  leg  above' 
and  below  the  Ulcer,  applying  one  diredor  to 
the  infide  of  the  calf,  or  on  any  part  of  the  gaf- 
trocnemius  mufcle,  as  it  will  be  more  fenfibly  felt. 
It  becomes  of  confequence  to  remember,  where 
Electricity  is  adminiftered  for  a  cortliderable  length, 
of  time,  as  in  paralyfis  of  the  extremities.  He- 
miplegia, or  more  particularly  in  the  paralyfis 
occalioned  by  lead,  to  vary  the  pofition  of  the 
direflors,  for  the  palTage  of  the  fhocks  exactly 
thro'  the  fame  fpot  brings  on  inflammation  and  ul- 
ceration, which  in  fome  debilitated  conltitutions 
produce  a  difagreeable  effe6t.  Shocks  may  be 
fent  with  perfed  fafety  through  the  brain,  though, 
not  very  powerful  ones,  for  though  we  have  in- 
ftances^of  perfons  having  received  very  powerful 
Ihocks  through  the  head,  who  have  recovered  from 
the  effedls,  yet  a  repetition  of  the  fame  violence 
would  undoubtedly  dilturb  the  *  arrangement  of 

*  Dr.  Abildgaard  has  fhewn  by  repeated  experiments, 
the  confequences  of  fending  (hocks  thro'  the  head ;  in  thofe 
cafes,  he  endeavoured  again  to  roufe  the  vital  powers  by 
fending  flighter  fliocks  in  the  fame  direction,  yet  without 
effeft;  but  immediately  the  animal  Was  reftored,  by  palTing 
fliocks  from  the  Sternum,  to  the  Vertebras. 

Queft.  Does  the  effeft  of  lightning  on  the  brain>  a6t 
in  the  fame  manner  as  concuffion  ?  and  if  it  does,  is  it 
not  probable  that  the  beft  means  of  rqftoring  the  patient 
would  be  having  recourfe  to  tfeis  praftice  of  paffing  fhocks 
through  the  Thorax  in  the  direftion  of  the  Heart  ? 

that 
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that  organ  whofe  texture  we  know  to  be  fo  delU 
cate,  and  whofe  functions  are  often  more  injured 
by  concuflion  than  wounds. 

In  the  cure  of  that  fpecies  of  blindnefs  called 
*  Gutta  -Serena,  as  alfo  in  the  Hydrocephalus  in- 
ternus,  flight  Ihocks  fent  through  the  head  arc 
highly  beneficial,  and  in  thefe  inftances  the  ufc  of 
fparks  is  inefficacious.  Some  time  lince  it  was 
thought  Electricity  might  be  of  fervice  in  quick- 
ening the  action  of  other  medicines,  or  that  a 
difcharge  of  eledlrical  fluid  from  a  jar  containing 
fome  particular  medicine,  would  carry  fome  por- 
tion of  the  medicine  along  with  it.     Dr.  Franklin 

tried 

*  Df,  Darwin  recommends  its  ufe  in  thole  cafes  particu- 
larly, and.  alfo  in  catarafts,  as  well  as  fome  other  affeftions. 
In  the  parefis  irritativa,  he  advifes  flight  fhocks  fent  thro'  the 
flomach;  in  fparmodic  afFeftions,  Epilepfy,  Tetanus,  &c. 
he  applies  this  remedy. 

Mr.  Cavallo  informs  us  of  a  cafe  where  there  was  an  opa- 
city of  the  vitreous  humour,  which  was  perfeftly  cured  by 
Electricity  :  but  he  does  not  defcribe  the  peculiar  diagnortics 
of  this  cafe,  or  what  particular  manner,  or  for  what  conti- 
nuance of  time  Eleftricity  was  applied.  He  advifes  as  the 
beft  mode  of  application  in  Gutta  Serena,  thait  the  fluid 
fhould  be  drawn  from  the  eye  with  a  wooden  point ;  but 
with  all  deference  to  his  well  known  abilities,  I  mufh  ob" 
ferve  this  mode  is  too  mild,  a  Paralyfis  of  the  Optic  Nerve 
will  require  the  excitement  o!"  flight  fhocks  to  reftore  its 
icnifibilitv; 
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tried  fome  experiments  of  this  kind :  he  tried  to 
affed  the  bowels  by  eledrifying  from  a  jar  con- 
taining fome  purgative  medicine,  but  it  did  no& 
produce  the  effedl ;  indeed  I  am  at  a  lofs  to  ima- 
gine what  efFeA  could  be  expeded  to  arife  from 
the  fmall  portion  that  could  then  have  been  con- 
veyed to  the  fyrtem;  however  though  in  this 
refpedl  it  will  not  be  found  effeftual,  it  pofTeffes 
a  power  of  quickening  the  effedl  of  medicines 
otherwife  applied.  Then  if  a  part  of  the  fKin 
is  eledlrified  for  fome  time  with  fparks,  and  a 
portion  of  Cantharides  is  applied  to  the  part,  foon 
afterwards  it  occafions  veiication  in  a  much  fhorter 
fpace  of  time  than  it  Vv'ould  otherwife  have  done. 
In  glandular  enlargements  about  the  neck  and 
other  parts  of  the  body  where  I  have  applied 
Eledricity  with  very  great  fuccefs,  and  where 
Bark  and  Steel  can  be  adminiftered  with  advan- 
tage, I  am  very  certain  I  have  feen  much  better 
effeds  arife  from  their  combination  thaji  would 
have  followed  from  either  feparatcly  *adminiftered. 

Nothing 

*  This  is  a  circumftance  whicli  it  is  of  particular  confe- 
quence  to  recolleft,  and  it  will  certainly  be  found,  that  in 
a  variety  of  cafes  where  it  has  not  been  fo  beneficial,  it  be- 
comes a  valuable  auxiliary  to  other  means:  thus  for  inftance, 
in  an  enlarged  Tefticle  where  no  inflammation  exifts,  Mer* 
curial  Ointment  has  often  been  recommended.     If  this  has 
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Nothing  can  be  more  comprehenfible  or  deaf 
than  the  modus  operandi  in  thefe  cafes  j  when  the 
tumors  lefTen  from  tonic  remedies,  it  is  a  confti- 

tutional 

been  continued  for  fome  time  without  accomplifliing  the  end 
it  was  intended,  this  is  often  laid  afide  for  fome  ftimulating 
application ;  perhaps  Eleftriclty  will  here  be  employed,  but 
this  appears  to  me  to  be;  the  defeft  in  the  regulation  of  the 
remedy.  Mercury  fhould  be  ufed  conflitutionally,  whilfh 
Eleftricity  is  direfted  to  the  part*  A  perfon  taking  a  certain 
quantity  of  Mercury  for  fome  weeks,  or  perhaps  lefs,  will 
find  his  teeth  loofe ;  it  is  evident  therefore  that  abforptlon 
is  Increafed,  for  the  alveolar  fockets  have  undergone  a  change^ 
and  It  is  not  confined  in  its  aftion  to  any  particular  part, 
but  the  alteration  here  is  a  gage  to  the  ftate  of  the  conftitu- 
tion.  If  under  thefe  circumftances  the  tumor  does  not  lef- 
fen,  It  is  evident  there  is  a  want  of  aftion  in  the  abforbents 
of  that  part,  and  this  the  ftimulus  of  Eleftricity  is  beft  cal- 
culated to  fupply.  That  there  is  a  want  of  aftion  in  thefe 
cafes  is  very  evident,  becaufe  in  every  part  of  the  body,  the 
abforbents  when  in  health,  have  the  power  to  remove  any 
fluid  which  may  be  depofited,  and  where  this  procefs  does 
not  go  on,  there  is  either  a  w^eaknefs,  or  a  difeafe  in  this 
part  of  the  lymphatic  fyftem ;  in  thefe  cafes  likewife  there 
Is  alv.'ays  a  lofs  of  fenfaticn,  in  a  greater  or  lefs  proportion, 
and  there  can  be  no  better  criterion  of  the  ftate  of  the  Tef- 
ticle  than  its  fufceptibility  to  be  affefted  by  this  principle ; 
it  will  be  remembered  this  obfervation  is  applied  to  the  indo- 
lent, and  not  the  inflamed  tumor.  If  the  dircQiors  are  applied 
to  the  part  of  the  Teftlcle  which  is  enlarged,  little  pain  is 
felt  in  comparifon  with  the  fenfatlon  occafioned  by  Its  being 
direfted  to  the  fpermatic  cord. 
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futjonal  change,  an  increafcd  action  being  diflri- 
buted  throughout  the  habit.  Thefe  tumors  par- 
take of  it  in  a  ratio  with  the  reft  of  the  fyftcra, 
but  as  thefe  being  in  a  ftate  of  greater  inadivity, 
"will  require  greater  excitement :  that  muft  be  ap- 
plied topically,  and  therefore  Eleilricity  proves, 
fo  ferviceable. 

But  perhaps  it  will  be  better  to  proceed  to  par- 
ticularize thpfe  complaints  in  which  this  remedy 
has  been  found  ferviceable. 

We  have  already  ftated  that  Eledlricity  is  ad- 
miniftered  with  fuccefs  in  paralytic  affedions, 
and  it  is  likewife  well  known  that  in  thofe  com- 
plaints it  has  often  proved  ineffedlual ;  in  order  to 
form  a  determination  between  thefe  different  re- 
fults,  and  account  for  the  uncertainty  of  the  reme- 
dy, we  ftiould  carefully  examine  the  different  cir- 
cumftances  under  which  it  has  been  applied.  We 
fliall  firft  then  confider 

HEMIPLEGIA. 

This  is  an  affeclion  often,  if  not  always  brought 
on  from  fome  injury  done  to  the  brain :  it  is  well 
afcertained  that  in  fuch  inftances  the  injury  is  on 
the  oppofite  fide  to  that  which  is  become  paraly- 
tic. This  however  is  an  obfervation  that  has  been 
fometimes  contradicfled :  at  leaft  cafes  are  given 
to  prove  that  the  hemifphere  of  the  brain  which 

is 
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is  affected  is  not  the  fame  with  that  which  evinces 
the  mifchief;  however  the  accurate  diflecflion  of 
Morgagni,  Valfalva,  and  Aretaeus,  as  well  as  of 
authors  of  ftill  more  remote  period,  prove  the 
truth  of  the  former  affertion ;  and  as  we  know 
the  nerves  from  their  origin  to  their  exit,  at  the 
foramina  of  the  head  decuffate  each  other,  the 
caufe  of  this  peculiarity  is  eafily  afcertained.  It 
may  be  neceffary  here  to  enter  into  fome  inveRiga- 
tion  of  the  effeds  which  follow  from  compreffion 
of  the  brain,  and  confider  how  far  the  violence  of 
the  fymptoms  are  proportioned  to  the  quantity  of 
extravafation,  how  far  the  extravafation  is  capable 
of  being  abforbed,  and  how  far  the  brain  is  likely  to 
recover  itfelf  when  the  prefTure  has  been  removed, 
and  whether  Eledricity  does  or  does  not  contri- 
bute to  reftore  its  fundions  and  promote  the  ab- 
forption  of  the  fluid. 

ifl:.  Compreflion  of  the  brain  has  fo  often 
been  attended  with  fatal  effeds,  that  mofl  prac- 
titioners down  to  the  prefent  time,  have  confider- 
ed  it  abfolutely  neceffary  to  remove  the  caufe  by 
artificial  means  whenever  it  could  be  accomplifhed. 
The  exercife  of  the  trephine,  even  in  flight  acci- 
dents of  this  defcription,  were  often  had  recourfe 
to,  but  as  thefe  cafes  are  not  in  the  leaft  appofit<; 
to  this  publication,  it  will  be  fufficient  to  obfervc 
that  the    confequences    of  compreflion   are  not 

found 
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found  to  be  fo  fatal  as  were  imagined.  I  have  feeii 
feveral  inftances  of  this  kind  where  no  bad  effeds 
enfued,  and  in  almoft  every  colledion  of  Anato- 
mical  curiofities,  a   fpecimen  may   be   found   to 
authenticate  this  facl;  in  all  thefe  inftances  I  will 
venture   to  affirm  the  danger   will   be  found    in 
proportion  as  the  Cerebellum  may  partake  of  the 
injury:  even  portions  of  the  Cerebrum  may  be 
removed,  of  which  I   have   feen  two  remarkable 
inftances.     I   believe   it  will    be  found   that  the 
brain  will  fufFer  the  lofs  of  a  portion  of  this  fub- 
ftance,  with  lefs  impunity,   than  it  would  com- 
preffion  on  the  other.     From  the  hiftory  of  dif- 
fedlions  with  which  we  are  furnillied,  I  think  it 
probable  that  the  fatal  effeds  of  compreffion  fre- 
quently arife   from  the   interruption  to   the  cir- 
culation through  the  Plexus  Choroides,  in  thofe 
remarkable  cafes  which  have  been  fo  well  defcribed 
by  Mr.  Abernethy,  Mr.  Hill,  Mr.  Latta,  and  others, 
where  in  confcquence  of  an  injury  of  the  head, 
a  fungus  rapidly  forms  under  the  meninges  of  the 
brain,  and  by  its  continued  prelTure,  and  increaiing 
diftention  ruptures  thefe    membranes ;    the   exit 
to  the  tumor,  gives  relief  to  the  patient :  it  origi- 
nates from  the  rupture  of  fome  fmall  vefTel,  and 
unlefs  there  is  an  opening    for  the  evacuation  of 
its  contents,  the  prefture  of  the  fluid  frequently 

produce 


produces  death.  Thefc  obfervations  may  perhaps 
be  confidered  as  digreHing  from  the  profcfTed  de- 
ligri  of  this  publication,  but  they  are  adduced - 
as  inftances  of  the  effedls  of  compreflion  of 
extra vafat ion,  and  we  Ihali  prefently  confidcr  the 
pofTibility  of  extravafation  being  removed,  where 
it  is  limited  in  its  extent,  and  confined  in  its  cavity; 
but  it  will  be  right  before  we  quit  the  preceding 
topic  to  remark  that  in  thofe  cafes,  the  dif- 
chargc  comes  on  in  confequence,  fays  Mr.  A- 
bernethy,  of  a  difeafed  ftate  of  the  velTel  of 
the  brain,  which  occafions  them  to  give  way.  I 
am  inclined  to  think  fome  of  thofe  fine  ramifi- 
cations, which  conflitute  the  Plexus  Choroides, 
give  way  in  thefe  cafes.  Among  the  number  of 
apopledlic  patients  whom  Morgagni  examined, 
moll  of  them  were  found  to  have  died  from  the 
lupture  of  thefe  veffels  ;  in  feveral  of  thefe  inftan- 
ces the  effects  arofe  without  any  peculiar  violences 
being  offered  to  the  head,  and  therefore  it  points 
out  this  important  inference  that  the  tenuity  of 
thefe  parts  is  too  flender  to  bear  any  confider- 
able  violence.  This  is  another  inftance  of  the 
neceffity  of  a  medical  Eledrician  being  ac- 
quainted with  the  Ancitomy  and  Phyfiology,  of 
the  human  body,  for  if  powerful  Ihocks  were  fent 
thro'  the  brain,  under  thefe  circumftances  it  v/ould 
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fupture  thofe  veflels  which  have  fuch  tenuity  of 
texture.  ' 

We  are  now  then  to  confider  the  pofiibility  of 
extravafation  being  rerhoved.  From  the  hiftory  of 
Cafes  we  learrt  that  perfons  who  have  been  at  fome 
period  of  their  lives  attacked  with  hemiplegia,  or  &- 
Ven  with  apoplexy,  have  not  only  furvived  the  acci- 
dent, but  have  gradually  recovered  thofe  fundlions 
which  were  either  loft  or  leflened.  It  has  appeared 
fronrt  dilfedlions  of  thofe  perfons  who  have  thus 
jbeeri' attacked,  that  a  quantity  of  fluid  had  been 
effufed,  and  that  the  eiFufion  has  been  gradually 
abforbed :  a  cafe  of  this  lately  occurred  where  there 
was  a  cavity  in  the  right  hemifphere  of  the  brain,  of 
very  confiderable  extent,  and  where  thete  were 
fome  portions  of  coagulable  Lymph,  and  other 
appearances  which  proved  that  the  effufion  had 
taken  place  at  fome  remote  period ;  but  though  we 
are  told  that  the  patient  recovered,  we  ate  not  ac- 
quainted with  theprogrefs  of  amendment,  fuffici- 
ent  is  adduced  to  prove  the  fadl  of  abforption  go- 
ing <)nirt  the  brain;  and  tho'-  Anatofnifts  have 
not  been  able~to^  demohlirate  this  in  the  humari 
fubjeft,  as  it  has  been  found  in  fifhes,  *  we  may 

*  Anothet  additional  evidence  of  abforption,  going  an  in 
the  brain  is  this ;  thait  in  cafes  of  Hydrocephalus  externus 
the  whole  of  the  brain,  (including  the  cerebellum)  has 
been-  nearly  removed,'  and  yet  the  fluid,  has  been  perfe6ll/ 
tfanfparent, 
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iiifer  with  probability  from  analogy,  and  from  tK'c 
before  mentioned  phaenomena  that  they  do  e\if?. 
Here  then  it  will  be  found.  Electricity  may  be 
adminiftered  with  fuccefs,  but  it  muft  be  with 
t'hefe  reftridlions.  When  an  Apoplexy  comes  on, 
if  we  are  led  to  fufpect  from  the  general  appear- 
ance of  Plethora  in  the  patient,  from  its  being 
brought  on  in  confequence  of  violent  exertion  or 
from  a  full  meal,  or  any  other  collateral  circum- 
ftances  which  could  impede  the  circulation  of 
blood  in  the  head,  that  k  from  an  effufion  of 
blood  withiii  that  cavity;  we  fhould  difcontinuc 
the  ufe  of  this  remedy,  till  other  means  have 
been  adopted  to  remove  tlie  caufe,  or  guard  againfl 
a  repetition  of  the  attack :  it  is  only  when  the 
complaint  appears  to  be  ftationary,  that  it  can 
be  judicioufly  applied.  Slight  fhocks  paffed  thro* 
the  head  haflen  the  cure,  as  well  by  *  promoting 
the  abforption,   as  by  reftoring  that  f  fcnflbility 

*  Mr.  Bell,  fpeaking  of  the  effe£ls  of  eoncuffion,  fays, 
"  when  from  fhocks  given  to  the  brain,  much  langour,  inac- 
tivity, and  lofs  of  memory,  have  continued  more  permanent 
than  Aifual,  Electricity  has  been  produftive  of  good  effc6ts.'* 
Vide  System  of  Surgery,  Vol.  3,.  Page  144, 

+  From  many  obfervations,  it  is  proved,  that  when  a  bone 
has  \seen  flightly  depreffed,  it  has  recovered  its  fituation  by 
degrees.  Is  it  neceffary  for  the  brain  to  recover  its  lituation^ 
for  the  patient  to  recover  his  peifeO;  fenfos  ;  that  is  fup- 
fofing  at  firft  this  compreffion  interrupted  ti'icin,  or  docs  the 
Wain  recover  its  funftions  u-ithout  recovering  its  fituation  ? 

and 
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and  adion  of  which  from  compreflion  it  was  de* 
prived.  As  an  illuftration  of  thofe  remarks,  wc 
.ihall  add  the  following  cafe* 


CASE    I. 

A  gentleman  about  forty  years  of  age,  who 
From  his  habit  of  life  had  been  accuftomed  to  ufe 
much  exercifCi  complained  when  fitting  dowri 
iifter  dinner  of  a  violent  pain  in  his  head^  which 
came  on  fuddenly  j  it  continued  without  abate- 
ment till  nighti  when  on  attempting  to  get  up 
flairs  he  fell  down,  and  was  taken  up  almoft  in  a 
flate  of  infenfibility;  he  was  put  to  bed,  and  con- 
tinued in  a  flate  of  coma,  with  fome  flight  degree^ 
of  the  apopledlic  ftertor.  As  foon  as  medical  af- 
fiftance  could  be  procured,  blood  was  drawn 
from  the  arm,  to  the  quantity  of  fourteen  ounces, 
by  which  he  Was  evidently  relieved ;  an  emetic 
was  afterwards  given,  which  operating  very  wellj, 
relieved  his  ftomach  from  that  colleiflion  of  ali- 
ment which  in  all  probability  was  the  occafional 
Gaufe  of  his  indifpofitionj  *a  bliftcr  was  applied  to 

*  The  application  of  a  blifter  to  the  nape  of  the  neckj  la 
a  very  -common,  and  generally  beneficial  praftice ;  but  it  is 
not  by  the  evacuation  it  pro'duces,  but  the  ftiiriulus  it  excites, 
that  it  produces  its  falutary  efFefts* 
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the  neck,  and  at  night  his  feet  "Were  put  in  hot 
water,    and  a  draught 'with   fome  Sp'''.    Minder, 
and  Tindl.  Opii  given  him,  his  pulfe  was  forne- 
what  full,  and  beat  about  a  hundred  in  a  minute  ; 
he  continued  tolerably  well  during  the  night,  and 
next  morning  ate  a  flight  breakfaft.     As  foon  as 
he  began  to  revive  from  that  ftate  of  general  infen- 
.  Ability  into  which  he  at  firft  fell,  it  was  found 
that  a  hemiplegia  had  affected  the  right  tide,  ren- 
dered him  incapable  of  moving  the  arm  or  leg  on 
that  fide  J  in  a  few  days  the  feverifh  fymptoms 
were  removed,  and  he  was  affifted  to  get  out  of 
bed  :    the  complaint  now  was   become  chronic, 
and  Simulating  applications  were  had  recourfe  to. 
Blifters  v^cre  applied  and  repeated,  and  tnuftard 
volatile  liniment  and  other  medicines  of  the  rubefa- 
cient clafs,  continued  for  fome  time.  In  the  courfe 
of  nine  or  ten  days  from  the  commencement  of 
the  fit,  he  was  fo  far  reco"V(srfed  as  to  be  *abl€  to 
move  his  right  leg  and  thigh,  throwing  it  forward 
in  a  circular  manner.     From  this  time  no  further 
amendment  was  obfervable,  for  a  fortnight  follow- 
ing, though  the  fame  plan  of  treatment  was  Itill 
ufed  ;  at  this  time  he  begun  the  ufe  of  Etedtf  icity  ; 
a  dozen  flight  fhocks  were  fcnt  through  the  head, 
the  diredors  being  applied  to  the  temporal'  bones 
as  well  as  from  the  occiput  to  the  os  frontis,  an 
equal  number  of  fhocks  were  fent  through  the 
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upper  and  lower  extremity  of  the  fame  fide;  he 
fubmitted  to  this  treatment  with  alacrity,  and  de- 
clared he  found  himfelf  capable  of  exerting  his  leg 
with  greater  flicility  foon  after  the  firll  applica-i. 
tion  ;  it  was  continued  regularly  every  day,  and 
Avith  o-radtial  but  unremitted  fuccefs,  the  ufe  of 
the  lower  extremity  becoming  every  day  more 
pcrfed.  After  a  week's  perfeverance,  a  tickling 
fenfation  took  place  in  the  arm,  it  by  degrees 
became  more  capable  of  adion,  and  in  the  fpace 
of  two  months  the  patient  recovered  ;  the  only 
difference  being,  as  he  thinks,  a  flight  deficiency 
in  his  powers  of  recolledlion. 

There  is  nothing  particular  either  in  the  fingu- 
'iarity  orthe  fuccefs  of  this  cafe.  Did  thefe  fymp- 
toms  come  on  in  confequence  of  extravafation  of 
f^uid  in  the  head,  or  diilenlion  of  the  veiTels  ?  The 
principal  circumilance  to  be  attended  to  is  the  ef- 
ficacy of  fliocks  fent  through  the  head,  the  patient 
was  as  far  recovered  from  the  ufcof  ftimuli  to  the 
ikin  during  the  firfl:  fortnight,  as  he  could  be ; 
but  it  was  neceflary  fome  excitement  ihould  be 
applied  to  that  organ  where  the  powers  of  life 
more  particularly  refidcd.  It  may  be  allied  how 
long  after  an  attack  of  hemiplegia  may  Eledricity 
be  applied  with  a  probability  of  fuccefs  ?  to  this 
no  precife  reply  can  be  offered  :  but  from  the  fuc- 
cefs which  has  attended  its  ufe,  even  in  long  coo- 
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tinued  paralyfis,  I  would  recommend  its  ufe  in  all 
thofe  cafes  where  there  is  not  a  confiderable  dimi^ 
nution  in  the  lize,  as  well  as  flaccidity  in  the  parr. 
The  following  cafe,  which  is  more  remarkable 
in  its  peculiarities,  and  ftill  more  fuccefsful  in  the 
recovery,  will  tend  to  evince  the  efficacy  of  this 
fluid  in  reftoring  the  intelledual  power. 


CASE     II. 

A  young  woman  in  Weftminfter,  who  was  deli- 
vered of  a  child  without  any  uncommon  circum- 
flances  in  parturition,  was  fcized  about  three 
weeks  from  that  period  with  inflammation  in  the 
right  breall ;  the  inflammation,  either  from  neg- 
lecft  or  fome  other  caufc,  continued  to  increafe, 
and  terminated  at  lafl:  in  an  abfcefs  of  that  part. 
The  violence  of  the  complaint,  the  debility  of  her 
conftitution,  and  perhaps  the  anxiety  of  her  mind, 
had  reduced  her  to  a  flate  of  confiderable  emacia- 
tion. The  fever  which  had  been  brought  on  was 
followed  by  delirium,  and  in  the  flate  of  convalef- 
cence,  which  was  the  time  when  I  faw  her,  this 
intelledlual  derangement  continued.  Tl-kcre  was 
a  wild  fl:are  in  her  countenance,  and  her  behaviour 
betrayed  fome  marks  of  apprehenlion  and  timidity; 
when  alked  any  queftion  flie  made  no  reply,  or 
only  very  concife  and  unfatisfadory  one.     As  the 
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fevcrifh  fymptoms  were  entirely  removed,  and 
her  conftitutiofi  was  coniiderably  reduced,  fhc 
was  recommended  a  generous  diet,  and  took  at 
the  fame  time  fome  ftomachic  medicines.  Under 
.this  plan  of  treatment  her  health  began  to  amend, 
but  the  fame  llupidity  and  idiotifm  continued. 
About  five  months  from  the  commencement  of  her 
-complaint  flie  began  the  ufe  of  Eledlricity.  In 
confequence  of  the  difeafe  which  had  reduced  her, 
it  may  caliiy  be  guelTed  the  child  was  incapable  of 
being  fuckled  by  the  mother ;  it  was  accordingly 
weakened,  and  Ihe  had  never  had  any  return  of 
the  menftrual  evacuation  from  the  period  of  par- 
turition, till  now.  I  adminiftcred  fome  (light 
fliocks  through  the  head,  and  likewife  paffcd  fome 
through  the  pelvis,  applying  the  Hiocks  from  pel- 
vis to  facrum.  In  thofe  which  were  fent  through 
the  head,  the  Eledrometer  was  at  the  diftance 
of  one  quarter  of  an  inch,  but  in  thofe  through 
the  pelvis  the  diftance  was  greater  ;  tiie  etfe(£l  was- 
unexpecflediy  beneficial.  The  very  next  day,  the 
menftrual  difcharge  came  on,  her  head  was  confix 
derably  relieved,  her  appearance  altered,  and  her 
converfation  became  more  rational  ;  flie  has  con- 
tinued in  a  ftate  of  amendment  ever  fince,  her  ap- 
petite is  much  improved,  and  her  general  health 
much  reftored.  In  this  cafe  I  confider  it  v*as  ab- 
folutely  necefTary.  to  direcl  fliocks  through  the 
head  and  pelvis,  that  at  the  fame  time  that  the 

C  4  men» 
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menftfual  difcharge  was  incurred  by  aft  applica- 
tion to  that  part,  the  energy  of  tiie  brain  might 
be  reftored,  by  a  flimulus  directed  to  that  organ. 
In  relating  the  hiflory  of  this  cafe,  particular  no- 
tice was  taken  of  the  inflammation  of  the  breaft, 
the  fecretion  of  milk  had  here  completely  formed, 
and  we  are  to  confider  thefudden  check  to  fuppref- 
lions  of  this  fecretion  as  being  in  a  principal  de- 
gree acceflary  to  the  fubfequent  fymptom.*  It 
will  be  fuperfluous  to  adduce  cafes  in  order  to 
evince  the  utility  of  Eledlrici^y  in  thefe  and  limi- 
lar  aflediions  of  the  head ;  future  experience  and 
further  obfervation  are  requilite  to  fhow  to  what 
extent  this  benefit  rnay  be  derived,  aind  what  are 
the  reafons  which  fometimes  render  its  ufe  un- 
fuccefsfal.  We  Ihall  now  proceed  toconfidera 
complaint,  which  as  it  often  proves  fuperior  to 
every  medicine  or  means  employed,  and  is  in  its 
effe6ls  extremely  important,  requires  every  eifort 
of  the  praditioner  to  check  its  progrefs  or  obviate 
its  cbnfequences.  We  allude  to  Gutta  Serena,  or 
what  is  mOre  defcriptive  of  the  nature  of  the  com- 
plaint, a  p^ralyfis  of  the  optic  nerve ;  this  is  ge- 
nerally flow  in  its  progrefs,  and  when  taken  in  the 
commencement  of  its  career,  may  be  often  cured. 
We  are  not  well  informed  with  regard  to  that  pe- 

*  Puzo  has  written    with   peculiar  fagacity  on   this  fub- 
jeft,  and  deferves  well  to  be  confulted. 

culiar 


(     £9     ) 

cuiiar  alteration  of  the  brain  which  gives  rife  to 
this  infirmity;  the  illuftrious  Morgagni,  to  whofe 
records  we  appeal  on  moftoccafions  for  anatomical 
truths,  has  given  us  no  information  on  this  fub- 
jedt :  it  is  not  improbable  that  it  fre*quentiy  origi- 
nates from  Tome  prelTure  on  the  optic  nerve.  We 
know  feveral  inftances  where  *  tumors  which  oc- 
cupy part  of  the  focket  of  the  eye,  occalions  this 
complaint,  and  the  gradual  accumulation  "of  any 
fluid  in  the  anterior  part  of  the  brain,  may  like- 
V^ife  prove  thq  fource  of  this  malady.  We  fhall 
not  attempt  to  enumerate  the  different  remedies 
which  have  been  recommended,  or  enter  into  a 
critical  examination  of  the  fuperiority  of  the  difFe- 
l-ent  modes  of  treatment.  The  ufe  of  fternutories 
are  often  falutary,  and  mercury  given  for  a  conti- 
nued time,  that  is  to  fay,  for  fome  v,  eeks,  in  fuch 
quantity  as  to  keep  up  a  flight  falivation,  is  per- 
haps of  all  internal  medicines  the  mofl  efBcacious 
?ind  certain ;  but  we  are  to  fpeak  of  Elevflricity, 
whofe  falutary  operation  -will  be  evidently  exhi- 
jbited  in  the  following  inflance. 

*  It  is  worthy  of  remark,  fays  Dr.  Baillie,  that  when  tu- 
mours of  any  kindprefs  upon  the  thalami  nervorum  optic,  or 
the  optic  nerves  themfelves  within  the  cranium,  vifion  be- 
comes impaired  in  various  ways  ;  and  that  when  tumours 
prefsupon  the  tuberculum  annulare,  or  the  medulla  oblong- 
ata, convuliions  are  very  apt  to  occur. 

A  wom^ 
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A  woman  about  forty  years  of  age^  who  had  as 
yet  found  no  particular  abatement  or  irregularity 
of  the  meiiftrual  difcharge,  complained  of  a  confi- 
derable  dimnefs  and  imperfecftion  of  light ;  the 
dimnefs  was  *mofl  prevalent  in  the  morning,  when 
ihe  arofe  a  confufed  appearance  of  nubeculae  form- 
ed, as  it  were,  an  obfcure  atmofphere,  which  con- 
tinued about  five  or  fix  minutes  before  it  entirely 
difperfed.  When  fhe  found  this  inconvenience 
increafing,  fiie  applied  to  a  furgeon,  whojudici- 
oufly  recommended  a  feton  in  the  neck  ;  this  was 
continued  for  fome  time,  and  ftie  flattered  herfelf 
at  firft  with  the  exped:ation  of  permanent  advan- 
tage, in  the  fpace  of  a  month  from  the  feton.  She 
however  was  convinced  of  her  being  worfe,  objects 
not  being  fo  difcernible.  She  now  begun  the  uie 
of  calomel  with  fi:ernutories,  which  flie  perfevered 
in  for  three  weeks,  without  obtaining  the  relief  fhe 
"wilhed  :  fhe  now  added  the  power  of  Eledricity 
to  the  medicines  above  mentioned.  Having  flight 
lliocks  palled  through  the  temples^  thefe  occa- 
fioned  a  plentiful  fecretion  of  tears  on  each  time 
of  their  adminiltration,  and  in  about  ten  days  per- 
ceptible benefit  was  received.  The  fame  remedy 
•was  continued  and  increafed  ;  at  firft  only  a  dozen 
flight  Ihocks  were  adminiftered,  within  a  fortnight 
they  were  gradually  multiplied  to  fifty,  and  the 
patient  finding  the  utility  of  the  remedy,  conti- 
nued 
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nued  it  for  five  weeks,  being  fo  far  recovered  as  to 
imagine  its  further  ufe  unneceliary. 

It  is  poflible  feme  may  be  inclined  to  attribute 
the  event  of  this  cafe  to  the  medicines  which  were 
employed,  but  as  they  produced  no  evident  a- 
mendment  till  combined  with  Ele(5lricity,  it  is 
certainly  fair  to  afcribc  a  greater  influence  to  its 
falytary  operations. 

SCROPHULOUS  TUMORS. 

A  VARIETY  of  cafes  may  be  adduced  to  lliew 
the  efFe6l  of  Eledlricity  in  curing  thefe  affedions  ; 
but  as  fcveral  are  on  record,  as  well  as  of  other 
glandular  indurations,  we  fhall  felecH:  only  one  or 
two  from  thofe  which  have  come  under  our  own 
infpedtion,  previoufly  ftating  what  we  conceive  to 
be  of  confcquence  in  adminiitering  this  remedy  to 
thofe  complaints.  The  fame  obfervation  we  had" 
occalion  to  make  before  with  regard  to  the  com- 
bination of  other  means,  will  apply  here  ;  for  as 
thefe  fwel lings  only  evince  the  peculiarity  of  the 
fyftem,  conftitutional  remedies  may  at  the  fame 
time  be  employed  ;  but  it  is  very  certain,  that 
even  without  any  additional  aid^  Eledlricity  alone 
is  fuflicient,  as  will  be  Ihewn  by  one  of  the  cafes 
which  we  fhall  defcribe.  The  mofi:  effecflual  me-, 
thod  of  employing  this  principle  here^  is  by  pafTing 

ihock^ 
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fhocks  through  the  tumor ;  fparks  are  very  in- 
adequate to  the  purpofe,  and  rather  tend  to  coun- 
teradl  than  accomplifh  our  wifhes,  as  muft  be  ob- 
yious  even  from  reafoning  a  priori ;  for  if  there 
was  a  deep  feated  inflammation  going  on  internally 
we  fhouid  attempt  to  relieve  it  by  bliftering  or  fti- 
mulating  the  furface ;  and  how  is  it  probable  this  can 
be  beneficial  where  our  principal  objevfl  is  to  oc- 
calion  that  adlion  which  is  deficient  ? 

When  fhocks  of  confiderable  ftrength  have  been 
direded  through  the  tumors,  they  fometimes  be- 
come painful  and  inflame,  and  then  it  becomes 
neceflary  to  lefTen  the  excitement  by  omitting  the 
repetition,  or  at  leafl  lelTcning  the  force  of  the  re-, 
jnedy  lefl  they  fhould  go  on  to  fuppurate,  as  it  is 
■well  known  thefe  cafes  are  very  obftinate  and  troi^- 
blefome. 

A  gentleman  in  Soho  Square  who  had  for  fome 
years  thefe  fubmaxillary  glands  enlarged,  find- 
ing them  increafed  in  fize,  begun  the  ufe  of  elec- 
tricity on  my  recommendation ;  they  were  at  the 
time  of  his  commencing  this  pradlice  about  the 
fize  of  an  egg,  one  under  each  jaw,  but  that  on 
the  left  fide  was  the  largcft.  At  firfb,  fparks  were 
applied  of  confiderable  ftrength  all  over  the  fur- 
face  of  the  tumors ;  but  the  fkin  was  fo  irritable 
they  occafioned  much  pain  and  excited  an  lerupT 
tion  like  that  cccalioned  by  nettles.  It  was  conti- 
nued 
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nued  in  this  form  (that  is,  in  the  form  qf  fparks) 
for  upwards  of  a  week  without  the  leafl:  apparent 
diminution  of  bulk,  or  foftnefs  in  its  fubflance- 
Shocks  were  now  adminftered,  the  Electrometer 
being  the  lixth  part  of  an  inch  diftance;  50  were 
firft  given,  and  every  day  a  gradual  increafe  in 
ftrength  and  number ;  the  tumors  foon  foftened, 
leffened,  and  was  removed  in  a  month.  Towards 
the  latterend  of  this  period,  however,  the  patient 
took  fome  bark  twice  a  day^ 


CASE     III. 

A  young  gentleman  about  fixteen  years  of  age 
who  had  tumors  of  the  fame  defcription,  and 
nearly  the  fame  lize  ;  and  who  had  not  ufed  any  re- 
medy for  their  removal,  begun  the  ufe  of  Elec- 
tricity under  our  care ;  (hocks  were  immediately 
employed  :  any  milder  mode  of  adminiftration 
being  found  unnecefTary.  And  it  was  remark- 
able to  obferve  the  difference  in  the  conflitution 
of  this  patient.  Shocks  twice  as  powerful  as  thofe 
employed  in  the  preceding  cafe,  had  not  an  equal 
effect ;  fuch  was  the  torpor  and  infcnfibility  of  the 
part.  Yet  this  patient  was  perfedly  cured  in  fix 
weeks    without    ufing  a   iingle    remedy  beiides, 

Hence^ 
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Hence,  this  remedy  may  be  ufed  with  very  greal 
advantages  in  fcrophulous,  fchirrous,  and  glandu- 
lar tumors,    its  ftrength  mufl  be  regulated  accord- 
ing to  the  fufceptibility  of  the  part  and  the  nature 
of  the  d;feafe.     In  thofe  tumors  likewife  which 
are  enlargements  of  the  Burfas  Mucofae,  it  will  be 
found  ferviceable,  but  it  mud  here  be  very  pow- 
erful, or  it  will  have  no  efFe(5t.     Some  Surgeons  re- 
Commend    a  blow    to  be  given   with  fufficient 
force  to  rupture  the  fore,  and  this  has  often  fuc- 
ceeded  ;  the  contents  being  difperfed  and  abforbedj, 
but  a  powerful  Eled:rical  blow  will  be  more  effica- 
cious.    In   the  Med.   Commentar.  is  a  remark- 
able cafe  related  by  Dr.  Eafon,  where  a  hard  fchir- 
fus   of  the  left  breaft  which  had  refilled  every 
ineans,    and  Was  about  to  be  cut  oUt,  was  acci- 
dentally cured  by  a  Itroke  of   lightning.     The 
Ihock  mufl  here  have  been  very  powerful,    as  Ihe 
was   flruck  down  ;  but  in  two  days  the  tumor 
which  had  been  hard  for  months,  became  foft  and 
foon  difperfed. 

We  fhall  now  proceed  to  confider  atnother  com-* 
plaint  which  is  very  general,  and  we  may  add,  very 
important,  and  if  on  any  occalion  in  Phylic  it  bd 
admiflible  to  fpeak  with  certainty  and  convidion, 
we  would  venture  to  affirm,  the  fuperior  and  almofl" 
fpecific  effed  of  Eledlricity  in  the  treatment  and 
cure  of  J.  menorrhcei%  or  ohfiru^dd  Menjes,     But  I 

do' 
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io  not  mean  to  fay  that  in  every  inftance  of  thr§ 
affedion  it  will  be  efficacious,  or  even  proper  :  but 
that  in  thofe  peculiar  fituations  to  which  it  is 
adapted,  it  is  the  mod  powerful  deobftruent,  and 
falutary  remedy  ;  and  as  thefe  cafes  require  fome 
difcrimination,  we  may  be  permitted  without  in- 
confiftency,  to  make  fome  obfervations  on  a  com- 
plaint of  fo  much  confequcnce  to  the  female 
fex. 

Thefe  are  complaints  which  depend  on  a  greater 
variety  of  caufes  than  the  obftrudion  or  impediment 
to  the  menllrual  difcharge,  but  the  more  important 
variations  may  be  reduced  to  two  fpecies ;  the  one, 
where  there  is  a  deficiency  of  tone  in  the  general  ha- 
bit, and  an  impoverifhedflateof  theblood :  the  other 
where  the  conftitution  is  not  defective,  but  where, 
notwithftanding  the  blood  is  fufficiently  fupplied, 
there  is  an  impediment  to  the  menltrual  difcharge 
which  is  generally,  if  not  always  a  local  affedion. 
There  is  a  confiderable  difference  with  regard  to  the 
facility  with  which  this  adion  is  performed  in  dif- 
ferent women  ;  but  in  all,  the  principal  inconveni- 
ence is  experienced  at  the  commencement  of  this 
change.  This  is  an  efied  which  experience  teaches 
us  is  ufual,  and  we  cannot  be  furprized  at  the  fael ;. 
for  when  a  new  procefs'  takes  place  in  the  conflitu- 
tion  to  which  for  twelve,  fourteen  or  lixteen  years 
it  has  never  been  accuflomed,  it  is  very  natural  to 

imagine 
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imagine  the  alteration  fhould  be  attended  \vitff 
more  or  lefs  derangement.  When  the  parts  which 
are  concerned  in  this  procefs,  readily  accommo- 
date themfelves  to  the  change,  the  inconvenience 
foon  diminifhes,  and  the  patient  fortunately  palTes 
a  period  always  critical,  and  fometimes  dangerous ; 
but  when  the  progrefs  is  lefs  favourable^  when  the 
age,  the  habits,  and  the  fymptoms  of  a  female  be- 
tray unequivocal  marks  of  this  alteration,  without 
terminating  fo  fpeedily  or  defirably,  fome  medical 
aliillance  becomes  neceflary  and  elTential.  We  are 
to  confider  then  particularly  the  influence  which 
may  be  derived  from  Electricity  under  thefe  cir- 
cumflances,  but  nodccifivc  rules  can  be  advanced, 
till  we  have  made  fome  difcriminations  between 
thofe  cafes  where  its  ufe  will  be  fuccefsful  or  pre- 
carious. 

When  a  young  perfon  at  the  ufual  period  of 
this  effedl,  complains  of  pain  in  the  back  and 
loins,  attended  with  head-ache,  pulfation  of  the 
arteries,  and  more  efpecially  bleeding  at  the  nofe, 
or  any  other  part  of  the  body,  we  have  little  room 
for  doubting  the  caufe  of  her  indifpofition.  What 
then  is  neceifary  to  be  done  ?  tinder  fome  circum- 
ftances  we  are  authorifed  to  bleed,  whilfl  under 
others  bark,  fleel,  and  other  tonic  medicines  are 
employed.  It  is  evident  two  modes  of  praClice 
fo  6ppofite  in  principle,  muft  be  oppofite  in  cf- 
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fc(5l,  and  cannot  be  with  indifference  madeufe  of  in 
either  flate  ;  to  difcriminate  and  diftingiiifh  thefe 
affedions,  it  will  be  important  to  obferve,  whe- 
ther the  patient  is  of  a  full  habit  and  of  a  florid 
connplexion,  or  whether  flie  is  pale,  languid,  and 
debilitated,  whether  her  pulfe  is  full  and  hard,  or 
whether  it  is  weak  and  frequent.  Under  the  former 
fymptoms,  the  full  habit,  the  florid  complexion 
and  the  hard  pulfe,  no  remedy  can  be  fo  judicioufly 
advifed  as  drawing  blood  either  from  the  arm  or 
the  foot,  and  in  addition  to  this  the  ufe  of  the 
pediluvium  may  likewife  be  combined  j  but  this 
treatment  is  often  unfuccefsful.  The  uterine  vef- 
fels  have  at  l!imes  relifted  thefe  efforts,  and  not 
permitted  that  evacuation  which  is  neceffary  to 
remove  the  inconvenience.  Here  then  nothing 
can  be  fo  effecftual  as  the  ufe  of  Eledlricity  j  the 
force  of  the  contained  fluids  is  infufiicient  to  over- 
come the  refinance  of  its  veffels,  it  requires  fome 
additional  ftimulus,  and  it  requires  moft  effentially 
the  application  of  a  fiimulus  to  thefe  parts  them- 
felves  ;  medicines  which  would  give  a  fl:imulus  to 
the  whole  conflitution,  would  not  be  found  to  an- 
fwer,  nay,  they  will  be  injurious,  becaufe  the  in- 
creafed  adion  may  attack  other  parts,  and  occa- 
fion  inflammation  in  other  organs  of  the  body. 
This  is  the  cafe  with  regard  to  the  lungs  in  parti- 
cular, an  accumulation  of  blood  in  that  vifcus  will 
D  be 
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be  the  confequence,  and  from  the  great  number  of 
its  blood  velTels,  an  inflammation  will  be  very  lia- 
ble to  occur;  but  if  there  is  a  predifpolition,  that 
is  to  fay,  if  the  iize  of  its  veffels  are  not  enlarged 
proportionably  *  to  the  blood  it  was  intended  to 
tranfmit,  this  inflammation  will  be  almoft  inevi- 
table ;  hence  the  neceflity  of  having  a  ftiraulus 
particularly  directed  to  the  part. 

The  rigidity  or  contra(flion  of  the  veffels  of  the 
uterus,  in  fome  cafes  of  obftrucfled  menfes,  is 
very  evident  and  very  remarkable.  Nothing  is 
more  common  than  a  difcharge  from  the  nofe  ; 
frequently  the  patient  is  relieved  by  a  difcharge 
from  other  parts  ;  the  piles  often  follows  fup- 
preffion.  I  have  known  perfons  who  have  had  a 
fore  on  the  leg  fuffer  a  periodical  difcharge  of 
blood  from  that  outlet,  and  limilar  cafes  are  re- 
corded  by  authors.     We  have  well  authenticated 

*  This  is  the  rcafon  why  narrow  and  conEncd  chsils  dif- 
pofe  to  pulmonary  complaints,  there  not  being  a  free  paffage 
to  the  blood  through  the  lungs.  Some  are  of  opinion  that 
this  formation  of  the  cheft  does  not  afFcft  the  lungs,  becaufe, 
fay  they,  the  lungs  is  proportionably  lellencdj  fo  as  lo  corref- 
pond  with  the  cavity.  But  wc  ought  to  iecolleft  that  it  is 
not  coincidence  between  the  lungs  and  the  cheft,  but  be- 
tween the  lungs  and  the  conftitution  ;  for  as  all  the  blood 
paifes  through  the  lungs,  it  muft  be  liable  io  accumulation 
i^nd  diftcnfion,  unlefi  that  part  is  adapted  to  the  quantity. 

flLls 
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h£is  likewife  of  perfons  in  this  fituation  having  a 
difcharge  from  the  point  of  the  fingers,  and  even 
the  hair  of  the  head.  Thefe  teftimonies  will  be 
fufficient  to  fhew  the  degree  of  rigidity  and  ob- 
ftrudlion  to  the  uterine  veflels,  and  how  infuffi- 
cient  theufual  means  muft  prove  in  fuch  inftances. 
But  with  regard  to  Eledlricity,  it  is  a  ftimulus  fui 
generis,  it  can  be  adminiftered  with  the  greateft 
exactitude  and  precifion  ;  it  can  be  increafed  in  its 
powers  to  any  requifite  intenlity,  and  it  can  be 
regulated  in  its  application  to  any  precife  or  par- 
ticular point.  Thefe  are  efFed:s  too  obvious  to  be 
denied,  and  the  benefit  refulting  from  them  we 
fhali  afterwards  confirm  by  the  flrongeft  and  moft 
unequivocal  teftimony,  the  teftimony  of  fads* 
We  are  now  only  endeavouring  to  eflablifh  its  fu- 
periority  by  an  appeal  to  every  underflanding,  and 
by  obfervations  too  clear  for  any  capacity  not  to 
comprehend.  The  influence  of  Elec5lricity  in 
thefe  affedlions  is  not  aflignable  to  one  fingle  mo- 
dus operandi,  its  efFcd:s  are  multiplied.  By  its  fti- 
mulus, when  in  a  flight  degree  applied,  it  occa- 
iions  a  peculiar  determination  to  the  pelvis,  and 
in  particular  to  the  womb  ;  it  likewife  aflifts  a  de- 
termination that  may  previoufly  have  been  diredled 
thither,  to  overcome  the  refiftance  of  the  folids, 
and  it  relaxes  that  fpafm  which  in  many  inftances 
is\the  caufe  of  this  refiftance  in  the  folids. 

D  2  This 
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This  effetfl  will  be  fufficiently  evident,  from  re- 
colleding  that  it  diminiihes  and  allays  fpaf^n  in 
other  parts  of  the  body,  and  that  this  is  a  caufe  in 
uterine  obftruclion,  is  unqueftionable ;  becaufe 
perfons  who  have  had  an  obflruftion  to  the  dif- 
charge  for  a  confiderable  time,  and  who  have  tried 
powerful  forcing  medicines  without  cffecl,  have 
been  at  once  relieved  by  limpl'e  electrization  ;  that 
is  to  fay,  without  flioeks,  without  fparks,  or  any 
other  fenlible  ftimulus,  but  fram  being  charged 
with  the  fluid  on  an  infulated  chair ;  and  here  the 
neceffity  of  difcriminating  the  caufes  muft  be  fur- 
ther evinced.  V/hen  then  a  patient  labours  under 
the  fymptoms  we  have  already  enumerated.  Elec- 
tricity fliould  be  had  recourfe  to.  But  where  the 
fource  of  the  difordcr  is  of  a  different  defcription^ 
w'here  the  habit  is  defecHve,  Eledricity  cannot 
be  adminiftered  with  propriety :  we  muft  then 
firft  diredl  our  attention  toreftore  the  conftitution, 
at  leaft  this  ought  firft  of  all  to  be  done  ^  if  this 
proves  infufficient,  that  is,  for  inftance,  if  a  per- 
fon  of  a  chlorotic  habit,  being  under  the  influence 
of  chalybeate  and  tonic  medicines  for  fome  timey 
has  not  a  return  or  appearance  of  this  evacuation, 
a  few  flight  fhocks  of  Eledricity  through  the  pel- 
vis will  greatly  affift  this  intention,  and  when  the 
jreneral  health  is  fo  far  amended  as  to  favor  this 
delign,  a  flimulus  to  the  uterus  itfclf  completes  the 

cure  : 
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cure:  but  when  previoufiy  applied,  cannot  pro- 
duce the  effed.  The  following  cafe  will  be  the 
beft  illuftrarion  of  thefe  remarks. 

A  lady  at  an  early  period  of  her  life  was  affected 
with  thofe  fymptoms  which  generally  precede  the 
menftrual  period,  llie  had  frequent  fluPaing  in  her 
face,  pain  in  the  loins,  head-ache  at  different  times, 
and  ficknefs  at  the  fix)mach  ;  thefe  fymptoms 
would  difappear  for  fome  time,  until  a  frcih  ex- 
acerbation took  place,  which  correfponded  in  the 
periods  of  its  return  with  the  mcnftrual  evacuation. 
A  plan  of  treatment,  judicioufly  adapted  to  the 
nature  of  her  fymptoms,  was  prefcribed  ;  fhe  vvas 
oi'dered  to  put  her  feet  in  hot  water,  to  take  mo- 
derate exercifc,  and  chalybeate  mediciiies  were 
prefcribed  ;  (lie  continued  this  treatment  without 
the  benefit  flie  expeded  for  a  fortnight-  The  fol- 
lowing was  added  to  her  remedies  :  i;^  Tincft.  Aloes 
sj  Mirt.  Camp,  ^vij  &  M.  cap'  Coch.  ij  lui  de  die. 
Even  this  proved  infufficient,  and  her  ftomach 
was  unwilling  to  perfevcre  in  any  further  trial  of 
medicines;  (lie  begun  the  ufe  of  Electricity. 
Twenty  fl'ght  ihocks  were  fent  through  the  pel- 
vis; this  was  not  begun  at  the  time  when  fne  ex- 
pelled to  be  out  of  order,  and  therefore  no  imme- 
diate alteration  was  produced  ;  for  this  reafon  the 
ft  ocks  were  very  flight.  In  ten  days,  from  the 
ufeof  Eledricity,  her  painful  fymptoms  returned 
the  pain  in  the  loins  and  back  was  confiderable : 
D  3  •  and 
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and  in  order  to  compofe  the  conftitution,  fhe  took 
the  following  draught:  Tinc^.  Opii  gutt.  xxx  Aq. 
Menth.  Pimp.  ?ji  Aq.  Comm.  j].  The  following 
morning  EJeftricity  was  adminiftered  more  pow- 
erfully, and  the  difcharge  came  on  the  very  fame 
day. 

This  cafe  is  mentioned,  not  from  its  lingularity, 
out  as  a  comment  on  the  pra6lice  we  previoufly  re- 
commended. In  this  inftance  it  is  fufficiently  ob- 
vious the  fault  did  not  originate  in  the  fyftem  in 
general,  but  in  the  uterus  particularly.  The  re- 
gular return  of  thofe  fymptoms  which  indicated 
an  approach  of  the  menfes,  fhewed  that  the  con- 
Ititution  had  prepared  the  change,  but  it  required 
the  aid  of  Eledlricity  to  complete  that  procefs  in 
which  the  uterus  was  deficient.  This  is  a  v^ry 
good  rule  for  difcriminating  wherein  the  fault  is 
principally  fituated,  for  when  there  is  a  concur- 
rence of  thofe  fymptoms  which  we  have  above  de- 
fcribed,  thefe  continue  a  few  days,  and  then  go 
off,  returning  again  at  a  regular  period,  accompa-- 
nied  more  efpccially  with  a  fenfe  of  weight  or 
bearing  down;  we  may  red:  fatislied  the  uterus  is 
the  part  to  which  we  fhould  particularly  dired: 
our  attention.* 

The 

*   It  may  not  be  unneceffary  or  unfeafonable  to   make  an 
obfervalion  on  this  part,   as  it  will  point  out  to  parents  a 

circura- 
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The  cafe  we  mentioned  above,  was  one  of  that 
defcription  where  fonie  refiftance  to  the  difchargc 
of  the  fluid  was  to  be  overcome  by  Eledlricity, 
and  not  where  there  was  a  general  fault  in  the  ha- 
bit ;  but  there  are  other  diftindions  to  be  attend- 
ed to.  In  what  are  called  a  cachedlic  habit,  in 
chlorotic  cafes  there  is  always  a  deficiency  in  this 
refped:.     We  have  previoufly  obferved  that  the 

circutnftance  which  they  are  not  fo  likely  to  know  or  attend 
to  ;  but  when  a  female,  who  bears  no  appearance  of  ill 
health,  has  thefe  regular  returns  of  pain  without  any.  dil- 
charge,  if  in  the  intervals  fhe  is  tolerably  well,  and  after 
frequent  returns  of  this  fort,  finds  a  fenfe  of  weight  about 
the  uterus,  with  a  bearing  down,  there  is  reafon  to  fufpeft 
fome  malconformation  of  the  parts  forming  an  obftacle  to 
the  fluid,  which  has  no  doubt  been  properly  difcharged  by 
the  conftitution,  but  required  an  outlet.  An  enquiry  of  this 
kind  would  fave  the  patient  a  great  deal  of  unneccllary 
pain  and  inconvenience,  for  it  muft  be  evident  that  Eletlri- 
city  or  any  other  remedy  would  prove  ineffcftual,  becaufe 
in  fome  inftances  the  parts  have  been  To  altered  from  their 
natural  make,  the  hymen  hys  been  found,  not  only  imperlo- 
rate,  but  even  an  inch  thick,  forming  a  folid  flefhy  fub- 
ftance ;  furgical  aid  can  alone  contribute  to  the  patient's  re- 
covery. Thefe  cafes,  which  every  now  and  then  happen, 
have  proved  that  there  was  no  fault  in  the  coniliiution,  for 
the  fluid  has  been  found  in  very  confiderable  quantities,  and 
proportionate  to  the  time  of  its  continuance.  Vide  Mr. 
Eafon's  cafes,  Dr.  Coiraick,  and  others. 

Medic.  Transact.  &c. 

D  4  conlli- 
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conftitution  muft  be  corredled  and  ftrengthened 
before  any  relief  can   be  had  from  Eled:ricity  : 
but  this  will  require  a  little  further  explanation. 
If  a  perfon  in  this  lituation  has  recourfe  to  Electri- 
city, no  innmediate  effedis  will  follow  ;  it  will  not 
happen  as  in  the  former  cafe,  that  a  few  Ihocks  at 
a  particular  period  fhall  produce  the  difcharge. 
There  muft  be  firft  of  all  a  conftitutional  amend- 
ment ;  fteel  medicines  will  here  be  ferviceable,  if 
the  ftomach  can  bear  them,  and  flight  fhocks  of 
Eledlricity,    by  gently  ftimulating  the  uterus  to 
aclion,  will  coincide  with  this  treatment ;  but  they 
fhould  be  flight,  for  the  difference  between  thefe 
varieties  is  this  :  in  the  former  cafe  we  were  to  af- 
lift  the  difcharge  of  that  fluid  which  was  already 
prepared ;  in  this  we  are  to  aflift  nature  to  prepare 
it :   the  one   promotes   the  adlion   of  the   uterus 
which    was    deficient,    the    other  alters   the  ac- 
tion which  is  improper.     Hence  the  impropriety 
of  a  pradlice  not   unfrequently  had  recourfe  to, 
giving  deobftruent  or  forcing  remedies  previous 
to  thofe  which  are  calculated  to  prepare  the  body 
for  that  change  which  is  necelTary  for  its  perfeft 
health  and  proper  prefervation. 

We  fliould  unnccelTarily  prolong  this  effay  to 
enumerate  cafes  of  menftrual  obftrurtion  cured  by 
Electricity.  So  much  has  been  already  known 
and  written  in  fupport  of  its  efficacy  ^  it  therefore 

became 
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became  more  ufeful  to  deliver  fome  remarks  on 
the  nature  and  peculiarities  of  thofe  complaints,  as 
far  as  regarded  the  adminiftration  of  Electricity. 
I  am  perfuaded,  from  repeated  inftances  and  con- 
tinued obfervation,  that  it  mod  of  all  deferves  the 
name  of  fpecific  for  thefe  cafes,  and  that  itfcarce- 
ly  ever  fails  if  properly  applied  and  regularly  con-, 
tinued.     It  will  only  be  necelTary,  before  we  con- 
clude our  obfervations  on  this  fubjecl,  to  apprize 
perfons  of  the  caution  which  is  necefTary  to  be  at- 
tended to  in  cafes  where  there  is  reafon  to  fufpedl 
pregnancy  may  exiH.     The  flightcil  fhocks  here 
will  be  improper  and  dangerous,  and  more  pow- 
erful ones  certainly  prejudicial.     Another  remark 
of  a  different  nature  m,ay  prove  interefting,  though 
when  conception  has  taken  place,  Eledlricity  will 
be  improper;  it  may  be  ufed  with  advantage  with 
a  view  of  favouring  that  procefs.     There  is  no 
doubt  but  that  the  ftimulus  of  Ele&icity  is  well 
calculated  to  relieve  fterility  in  women,  as  it  does 
impotence  in  men.     We  know  the  feat  of  concep- 
tion is  in  the  ovarium,  which  if  it  is  not  fufcepti- 
ble  of  the  ftimulus  of  impregnation,  th"e  woman 
muft  continue   barren.     There   are  frequent   in- 
ftances   of    perfons   being   married   feveral  years 
without   children,    who    have    aftervvards  borne 
them,  from  an  alteration  taking  place  in  the  dif- 

pofition 
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polition  of  thofe  parts.  Hence  Eledlricity  Mill 
produce  an  alteration  favourable  to  this  *  procefs. 
In  the  former  part  of  this  effay  we  made  fome 
remarks  on  that  fpecies  of  Paralyfis,  which  is  more 
connedcd  with  and  dependent  on  the  fi:ate  of  the 
brain,  and  where  the  effedl  was  rather  general  in 
the  fyftem.  There  are  however  feveral  other  kinds 
or  degrees  of  paralyfis  which  are  benefitted  by  E- 
kdricity,  different  from  thofe  we  have  hitherto 
confidcred,  varying  in  the  locality  as  well  as  the 
caufe  of  its  exiftence.  Such  are  partial  interrup- 
tions to  the  difcharge  of  particular  functions,  as  a 
paralyfis  of  the  bladder  depriving  it  of  the  capabi- 
lity of  evacuating  its  contents,  a  paralyfis  of  the 
veficulas  feminales  occafioning  a  want  of  retentive 
power.     Thefe  may  with  fome  propriety  be  deno- 

*  It  will  require  further  opportunities  to  afcertain  tp  what 
extent  Eleftricity  can  be  beneficially  employed,  with  this 
view.  There  can  be  no  doubt  of  its  being  capable  of  producing 
that  change  and  fufceptibility  in  the  parts  we  mentioned  : 
this  is  plain  from  analogy.  Experiments  have  been  made 
on  Ova  of  different  animals,  and  it  has  been  found  that 
thofe  which  were  eie£lrified  were  hatched  fooner  than  thofe 
w^hich  were  not.  But  the  fame  experiment  fhewed  the  ne- 
ceffity  of  regulating  the  power  of  this  principle,  for  ilrong 
fliocks  deftioyed  the  poffibility  of  their  being  hatched  alto- 
gether. 

Vid.  Dr.  Kastlin's  Experiments, 
&  Dr,  Bohadsch's  Experiments. 
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minated  local  paralyfis.  The  pal fy,  which  attacks 
perfons  who  work  in  lead,  is  iikewife  different  in 
the  caufe  of  its  violence,  from  other  fpecies  of 
paralyfis ;  we  lliall  take  notice  of  thefe,  as  we  are 
furniftied  with  fads  to  prove  the  ufe  of  the  remedy 
we  recommend,  and  firfl  of 


PARALYSIS  OF  THE  BLADDER. 

Ant  elderly  gentleman  (near  feventy)  had  fo 
far  loft  the  power  of  difcharging  his  urine,  as  to 
be  obliged  to  receive  temporary  relief  from  the  in- 
trodudlion  of  a  catheter.  This  was  an  unpleafant, 
though  an  unavoidable  alternative  ;  for  befides  the 
pain  it  gave  him  at  the  time,  the  parts  became 
more  fufceptible  of  it  from  its  repetition  :  he  there^ 
fore  readily  confented  to  the  trial  of  Eiedtricity. 
A  few  fhocks  were  fent  through  the  pelvis.  Elec- 
trometer one-eighth  of  an  inch  :  from  this  no  fcn- 
fible  benefit  was  immediately  obtained.  The 
next  day  the  fame  operation  was  repeated,  and 
continued  every  day  under  the  fame  circumftances 
for  a  fortnight.  No  change  was  even  yet  percep- 
tible. What  was  to  be  done  ?  would  it  have  been 
proper  at  the  end  pf  this  time  to  have  negleded 
the  ufe  of  Eledlricity,  from  a  perfuafion  of  its  be- 
ing 
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ing  ufelefs  ?  No.  A  further  trial  was  agreed  on, 
and  a  more  powerful  ftimulus  applied,  for  a  fort- 
night longer,  with  evident  advantage,  for  he  could 
void  about  a  tea-fpoonful  of  urine :  by  degrees  he 
difchargcd  more,  and  at  the  expiration  of  between 
five  and  lix  weeks,  the  patient  had  no  further  ufe 
for  the  catheter,  as  he  was  quite  recovered. 

This  cafe  will  in  fome  meafure  tend  to  overturn 
an  opinion  which  fome  entertain,  that  where  Elec- 
tricity is  ferviceable,  it  produces  its  effeds  fpeedi- 
ly.  This  fuppofition  is  very  dangerous  in  its  ten- 
dency, as  it  leads  a  patient  to  difcontinue  that 
•which  would  ultimately  be  produdlive  of  the  hap- 
pieft  effedls.  It  is  the  more  important  to  oppofe 
this  fentiment,  becaufe  Electricity  is  often  recom- 
mended as  the  derniere  refort,  and  little  relief  is 
cxpecfled  in  many  cafes  where  this  has  failed.  I 
will  venture  to  avow  this  truth,  that  I  have  known 
perfons  who  laboured  under  hemiplegia  not  very 
fevere,  and  who  under  the  chronic  ftate  of  it  have 
ufed  Eiedricity,  difcontinue  its  ufe  in  lefs  than  a 
week,  becaufe  they  were  not  fenlibly  benefitted ; 
as  if  they  were  to  be  cured  by  feme  magic  touch, 
or  fome  celeftial  fire.  Whilft  others,  who  have 
been  in  every  refpecl  worfe,  have  been  cured  by 
the  fame  treatment,  adminiftered  with  greater 
continuance.  If  there  are  any  diforders  wherein 
wc  fliould  make  an  exception  to  this  r,emark,  it 

muft 
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mud  be  fpafmodic  difeafes  :  in  thefe  indeed  wc 
have  inftances  of  perfons  cured  inftantaneoufly. 
But  even  in  thefe  afFedUons^  to  complete  the  cure 
and  obviate  a  return,  it  is  neceflary  it  Ihould  be 
repeated  for  feveral  times,  as  it  will  alter  the  dif- 
polition  of  the  parts  to  take  on  that  action. 

We  fhall  now  relate  a  cafe  wherein  Eledlricity 
has  proved  remarkably  fuccefsful,  and  in  this  pe- 
culiar afFedion  very  little  has  been  faid  in  favor  of 
Eled:ricity ;  I  mean 


-Paralysis  of  theVESicuL^  Seminales. 

Mr.  Bell,  I  believe,  has  the  fole  merit  of  difco- 
vering  that  the  evacuation  of  femen,  which  takes 
place  under  improper  circumflances,  depends  on 
a  paralytic  affection  of  thofe  parts.  The  propriety 
of  the  opinion  fcems  juftined  by  the  refult.  He 
himfelf  fays,  I  have  found  Electricity  ferviceable 
in  thofe  complaints  ;  and  it  was  from  his  recom- 
mendation I  applied  it  in  the  following  cafe. 

A  gentleman  in  the  army^  about  five  and  twenty 
years  of  age,  in  very  good  health,  and  apparently 
free  from  any  other  morbid  affection,  fuffered  con- 
fidcrable  inconvenience  from  an  inability  to  con- 
tain his  femen  ;  nodurnal  emillions  were  very  fre- 
quent :  indeed  every  morning  about  fix  o'clock  he 
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,/-_gn  ^p^^p^rrenced  this  effecft,  and  What  was  ftill  more 
diftrefling,  even  in  the  day-time  the  llightefl:  fti- 
mulus  of  mind  or  body  brought  on  a  return.  This 
was  an  embarralTment  from  which  it  will  eafily  be 
fuppofed  he  was  folieitous  to  be  relieved.  It  de- 
ftroyed  the  happinefs  of  his  life,  by  laying  an  em- 
bargo on  his  condu(5l,  for  even  the  flightell  female 
familiarity  was  fufficient  to  excite  his  paflions  and 
produce  the  fymptom  we  have  defcribed.  He 
came  to  us  to  be  eledlriiied,  agreeable  to  the  ad- 
vice of  Mr.  Bell,  of  Edinburgh.  At  firft  fparks 
were  adminiftercd  along  the  perinaeum ;  thefe 
produced  no  alteration,  though  frequently  repeat- 
ed :  a  few  flight  fhocks  were  then  adminiftercd, 
one  diredtor  being  applied  to  the  perinaeum  and 
another  to  the  pelvis.  The  very  firft  application 
was  attended  with  advantage,  for  the  following 
morning  no  emiflion  took  place,  which  had  not 
been  the  cafe  for  feveral  years  before.  The  ftiocks 
were  daily  repeated  for  about  a  fortnight,  and  the 
patient  cured. 

As  this  is  a  cafe  not  generally  obferved,  at  leaft 
not  generally  treated  as  above,  we  ftiall  take  the 
liberty  of  making  a  remark  on  its  nature  and  cure. 
An  evacuation  of  fluid,  from  the  vericulae  femi- 
nales,  it  is  true,  very  often  occurs  in  different 
men  ;  but  the  more  ufual  caufc  of  its  being  brought 
on,    is  prcifiu-e    from    hardened  •  retained   foeces. 

When 
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When  it  is  produced  on  this  occafion  alone,  it  is 
not  of  confiderable  confequence  ;  we  can  account 
for  it  mechanically  ;  though  here  the  fundion  of 
the  part  is  imperfedl,  the  part  is  weaker  than  na- 
tural ;  but  then  it  cannot  be  confidered  a  morbid 
flate  of  debility,  if  it  does  not  continue  when  that 
caufe  is  not  applied,  there  ought  to  be  a  decided 
diftindion  between  the  different  fpecies  of  this  af- 
fedion ;  for  there  is  a  difference  in  the  ftate  of 
the  part,  in  the  ftate  of  the  conftitution,  in  the  ef- 
fecfl  of  the  difeafe,  and  in  the  nature  of  the  reme- 
dy. The  difference  in  the  ftate  of  the  part  confifts 
in  its  being  paralytic,  without  any  difeafed  irritabi- 
lity ;  or  paralytic,  with  morbid  irritability.  This 
jnay  appear  inconfiftent,  but  will,  it  is  hoped,  be 
eafily  explained  and  underftood,  by  recollecling 
that  there  may  be  a  want  of  tone  in  the  veficulae 
feminales,  and  yet  an  excefs  of  irritability  in  the 
mufclcs,  the  levatores  ani,  and  mufculi  tranfver- 
fales,  and  the  acceleratores,  which  are  all  concerned 
in  the  evacuation  or  natural  propulfion  of  the  fe- 
men.  Hence  a  ftimulus  of  a  flight  degree,  an  ex- 
citement much  inferior  to  what  is  natural,  will 
throw  thefe  parts  into  adion,  and  propel  the  con- 
tents of  the  veliculae  feminales.  This  is  eafily  dif- 
tingui filed  from  the  other  kind,  for  here  there  are 
evident  fymptoms  of  local,  and  generally,  of  con- 
ftitutional  irritability.     This  d.efcription  is  always 
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accompanied   v.ith  an  erection  of  the  penis,  and 
comes  on  at  other  feafons  than  when  going  to  ftool. 
The  difcharge  is  occalioned  in  this  inftance  by  an 
a^iion  of  the  parts  themfelves,  in  the  other  by  the 
cojiUnts  of  p3.rts  adjacent;  in  the  one  indance  it 
may  be  conlidered  an  active,  in  the  other  a  paffive 
affedion.     Thefe  are  fufficient  to  ftamp  a  differ- 
ence between    the  one  and  the  other :  the  fame 
principle  conftitutes  the  difference  in  the  conftitu- 
tion,    one   being   morbidly   excitable,    the   other 
not.     There  is  a  pradlical  inference  annexed  to  this 
diftind:ion,    as   medicines   which   allay    irritation 
would  be  adapted  to  one,  thofe  which  had  a  ten- 
dency to  open  the  body  would  be  peculiarly  ap- 
propriated to  the  other  :  the  reafons  have  already 
been  alligned.     Yet  Eleftricity  will  with  coniift- 
ency  be  applicable  to  both,  inafmuch  as  it  would 
aflift  the  retentive  power  in  both,  without  increaf- 
ing  the  irritation  in  either  ;  but  with  refpecft  to  the 
difference  in  effed,  it  is  material  and  evident.     A 
perfon  who  only  fuffers  occafional  inconvenience 
from  coftivenefs,  will  be  enabled  to  exercife  the 
functions  of  the  parts  at  other  times  with  freedom 
and  effedl :  he  is  not  at  all  difabled  from  propagat- 
ing his  fpecies,  but  the  almoft  continual  excite- 
ment of  the  other,  prevents  the  femcn  from  being 
prolific,    and   occafions  a   fpecies  of  impotence. 
The  violence  or  cxccfs  of  this  latter  affecliolT,  will 
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be  beft  afcertained  by  this  circumflance^  that  when 
in  a  flight  degree  the  ere6lion  of  the  pei\is  will  be 
complete,  when  in  a  more  obfl:inate  degri^e  it  will 
only  be  partial.  In  the  treatment  of  this  iffedlion 
it  will  be  proper  to  recoiled  that  venereal  inter- 
Gourfe  need  not  be  forbidden,  indeed  it  becomes 
favourable  to  the  cure  j  for  if  a  patient  has  been 
accuftomcd  forfome  time  to  a  daily  difcharge,  the 
parts  will  not  be  enabled  to  retai;!  their  contents 
*  for  fuch  a  length  of  time,  or  bear  fuch  a  degree 
of  diftention  as  another  :  therefore  till  it  has  had 
time  to  recover  its  fundlions  effedually,  moderate 
venereal  indulgence  will  be  attended  with  no  bad 
effect. 

We  fhall  now  proceed  to  the  confideration  of 
fome  difeafes  attacking  parts  in  the  vicinity  of 
thofejuft  mentioned. 

*  This  hint  with  refpe£l  to  the  difRculty  of  altering  any 
long  eftablifhed  habit,  is  particularly  illuflrated  by  difeafes 
of  the  bladder,  and  fhould  be  attended  to;  for  when  a  per- 
fon  has  a  particular  irritation  in  that  part,  he  feels  difpofed 
to  evacuate  the  urine,  even  when  in  a  fmall  quantity.  The 
confequence  of  which  Isj  that  it  becomes  incapable  of  diften- 
tion, even  when  the  original  caufe  of  the  irritaiion  is  re- 
moved, and  therefore  the  patient  fhould  not  encourage  every 
flight  propenftty  to  difcharge  his  urine,  for  I  have  known 
inftances  of  perfons  thus  inducing  a  kind  of  artificial  irrita- 
bility. 

E  ENLx\RGE^ 
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ENLARGEMENT  of  the  TESTES. 


The  enlargement  of  one  or  both  of  the  Tefti- 
cles  hot  only  proceeds  in  different  cafes  from  dif- 
ferent caufes,  but  is  likcwife  different  in  its  ap- 
pearance, as  well  as  in  its  termination,  and  there- 
fore requiring  a  different  treatment,  demands  fome 
xule  for  difcriminattion.  When  from  the  ufe  of 
any  ftimulating  injedion,  or  from  the  violence  of 
gonorrhoeal  inflammation,  a  fwelling  attended 
with  pain  takes  place  in  the  Tefticle  (an  effecT: 
very  common),  it  is  denominated  Hernia  Humo- 
ral is ;  in  proportion  to  the  violence  of  their  fymp- 
toms,  fuch  will  be  the  diftention  of  the  Tunica 
Albuginea,  and  fuch  the  fize  of  the  fwelling  :  now 
as  the  Tunica  Albuginea  is  an  elaflic  fubffance, 
the  enlargement  will  continue  after  the  caufe  is  re- 
moved ;  for  we  are  to  expecfl  no  contractile  power 
from  thefe  parts.  The  part  under  thefe  circum- 
ftances  may  be  confidered  as  in  a  chronic  ftate, 
and  here  Eledricity  may  be  advantageoufly  em- 
ployed. Again,  when  any  flight  .blow  has  been 
received  on  thofe  parts,  that  will  be  fufficient  in 
fomeconilitutions  to  occafion  an  enlargement ;  and 
here  Electricity  may  be   ufefully  employed,  after 
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jhe  firft  fymptoms  of  excitement  have  been  lefifen- 
ed.  (We  are  only  curforily  mentioning  the  dilfer- 
ent  varieties ;  we  fhall  hereafter  relate  cafes  which 
have  occurred  to  illuftrate  each).  But  when  the 
Tefticle  not  only  becomes  enlarged,  but  is  at  the 
fame  time  remarkably  hard,  feeling  almoft  like  a 
ftone,  and  being  confiderably  heavy  in  proportion 
to  its  bulk,  and  more  efpecially  if  to  thefe  fymp- 
toms the  patient  feels  at  times  violent  lancing, 
fliooting  pains,  and  what  is  particularly  charac- 
teriflic  of  danger,  has  a  knotted  feel  along  the 
fpermatic  cord,  Eledricity  will  be  improper  and 
dangerous ;  for  there  can  be  no  analogy  between 
thefe  laft  mentioned,  and  thofe  which  imm.ediately 
preceded  in  the  hard  firm  fwelling :  every  excite- 
ment {hould  be  avoided.  The  part,  if  altered  by 
any  flimulus,  if  ftimulated  to  any  adion,  will  be 
more  likely  to  affume  a  cancerous  aciion  than  any 
other.  The  principal  palliative  it  requires,  is  red, 
and  if  this  does  not  prevent  its  encreafe,  it  can 
only  be  cured  by  extirpation  ;  but  in  the  other 
cafes  to  which  we  allude,  there  is  not  that  tendency 
or  capability  of  morbid  action,  there  is  an  enlarge- 
ment without  pain  ;  we  may  therefore  apply  a  fli- 
mulus without  danger.  Inftead  of  an  excitement 
going  on,  or  likely  to  do  fo,  which  may  prove  in- 
jurious, there  is  a  want  of  excitement,  which  if 
fupplied,  will  prove  beneficial.  To  prove  there- 
E  2  fore 
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fore  the  utility  of  Electricity  in  thefe  complaints, 
we  fhall  appeal  to  faifls  ;  but  firft  of  all  take  the 
liberty  of  premifing  fome  obfcrvations  with  re- 
gard to  the  proper  mode  of  adminifrrating  this  re- 
medy, which  to  the  young  EIe6trician  at  leaft  will 
be  found  acceptable.  In  thofe  Tumors,  befides 
the  increafe  of  fize  in  the  Teilicle  itfelf,  there  is 
generally  a  depolition  of  fluid.  The  form  in  which 
Eledricity  is  to  be  applied,  is  that  of  fliocks,  but 
this  even  will  prove  infufficient,  if  not  judicioufly 
adminiftered ;  for  if  they  are  only  fent  through 
the  fluid  which  is  contained,  and  not  through  the 
Tumor,  it  can  have  no  tendency  to  diminifh  its 
bulk.  To  avoid  this,  the  direAors  muft  be 
prefTed  rather  firmly,  fo  as  to  bring  the  fcrotum 
into  contad  with  the  Teflicle;  they  murt  not  be 
brought  too  near  to  each  other,  left  the  difcharge 
fliould  pafs  over,  and  not  through  the  fwelling. 
And  it  will  be  further  necefTary  to  pafs  fliocks  of 
a  confiderable  ftrength  to  obtain  the  fame  effedl, 
and  on  account  of  the  inadtivity  of  the  parts,  this 
degree  of  ftrength  will  be  eafily  borne  ;  but  though 
in  thofe  parts  it  can  be  directed  with  advantage,  it 
will  be  right  to  avoid  palling  fliocks  of  the  fame 
ftrength  through  parts  which  are  not  difeafed.  As 
for  inftance,  if  there  is  only  one  Tefticle  injured 
or  enlarged,  the  other  Tefticle  ftiould  not  be  in  the 
line  with  the  director,  as  it  will  give  much  imme- 
diate 
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diate  pain,  and  may  be  prodmflive  of  future  dan- 
ger. It  will  be  necelTary,  therefore,  before  this 
operation  is  begun,  to  feel  for  the  found  Tefticle ; 
for  in  confequence  of  the  varied  aclion  of  the  cre- 
mafter  mufcle,  it  is  fometimes  at  the  upper,  fome- 
times  at  the  inferior  part  of  the  fcrotum.  The 
diredlors  fhould  be  changed  conflantly,  or  ulcera- 
tion, as  we  have  before  remarked,  will  be  pro- 
duced ;  beiides  thefe  particulars,  it  mud  be  re- 
membered that  fometimes  the  fenlibility  of  the 
Ikin  is  fuch,  as  not  to  allow  of  that  requilite 
ftrength  in.the  fhock  which  is  abfolutely  neceflfary 
to  accohnplifti  the:  diminution  in  fize.  How  are 
we  to  relieve  this. inconvenience  ?  A  very  eafy^ex*- 
■edient  will  fuffice.  Let  fparks  be  applied  to  to 
whole  furfaceof  the  fcrotum,  fo  as  to  pccafion  a 
general  rednefs ;  and  after  having  done  this,  fhocks 
of  conliderable  intenfity  will  be  eafily  borne.  Ih 
applying  fparks,  it  will  be  neceflary  to  coyer  the 
part  with  flannel,  or  the  points  of  the  pairs  which 
cover  this  portion  of  the  fkin,  will  draw  off  the 
eledric  fluid  ;  but  it  muft  be  laid  afide  when  the 
Ihocks  are  applied,  as  they  will  by  the  medium  of 
the  flannel  be  difperfed  upon  the  fkin,  and  occa- 
sion conliderable  pain  there,  inftead  of  pafling 
immediately  through  the  fubfl:ance  of  the  Tumo 
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CASE      I. 

A  gentleman  of  a  found  conftitution,  and  about 
the  middle  period  of  life,  violently  bruifed  the 
right  Tefticle,  by  pteffure  on  the  faddle,  when 
hnnting.  The  inflammation  which  enfued,  conti- 
nued for  nine  or  ten  days,  notwithftanding  the 
perfevcring'ufe  of  the  mod  jud  cious  means,  and 
the  Tefticle  was  confequently  much  enlarged.  It 
was  a  month,  after  the  time  of  the, accident  that 
Eleftricity  was  begun:  every  degree  of  pam  and 
irfitat.on  hud  for  fome  times  previous  to  this  been 
rernqved  ;  and  he  had,  during  the  laft  fortnight, 
f'ibbed  fome  mfercurial  loiiHtnaent  on  the  fcrotum 
cv&ty  nightow'ithoiit  effed?.  Electricity  was  begun 
with,  firfi:  by  pkffing  twenty  fhocks  of  a  m^oderate 
ilrengrh  through' the  Tefticle.  They  were  repeat- 
ed every  day,  and  gradually  increafed  in  ftrength, 
that  the  effedl.  might  not  be  lefTened  by  the  part 
being  accuftomed  to  the  ftimulus  :  a  perceptible 
decreafe  of  fize  took  place  in  a  fortnight,  and  in  a 
month  the  enlargement  was  entirely  reduced. 

Though  there  is  notiiing  remarkable  in  the  pro- 
grefs  of  this  cafe,  it  ihews  fufficiently  the  powerful 
influence  of  Eledlricity  in  thefe  aifecftions ;  but  it 
is  adduced  alfo  to  flicw  the   difl'erence  between 
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this  and  another  derangenient  of  the  fame  parts, 
which  bears  fome  refemblance  to  its  caufe,  ap- 
pearance, and  fometimes  in  its  termination ;  I 
mean  that  kind  where,  together  with  the  enlarge- 
ment and  difiention  of  the  natural  parts,  there  is 
likewife  a  depofition  of  a  watery  fluid.  Though 
the  fame  remedy  is  applicable  here,  it  is  not  fo 
fpeedy  or  certain;  and  this  miifl:  necelTarily  de- 
pend on  the  quantity  of  water  ejfu/ed,  and  the  ftate 
of  the  parts  effufing  it.  Hence  a  very  obvious  dif- 
ference in  thefe  two  difeafes.  In  the  firft  inftance 
where  violent  inflammation  occafions  enlargement 
and  diftention,  it  is  not  the  effed  of  morbid  a6lion, 
only  the  natural  adion  is  increafed  -,  pain,  fwel- 
ling,  and  other  fymptoms  follow  ;  and  among 
other  confequenccs,  there  is  a  depofition  of  coa- 
gulable  lymph.  When  this  deviation  from  the 
natural  excitement  of  the  parts  has  ceafed,  they 
will  then  be  capable  of  removing  the  fuperfluous 
matter  which  is  depofited.  But  this  is  not  with- 
out the  aid  of  other  means  :  the  abforbents  of  the 
parts  require  fome  airiiiance,  and  the  ufe  of  Elec- 
tricity enables  them  to  accomplilh  that  which, 
without  its  influence,  it  would  be  incapable  of  do- 
ing. Beiides  this,  it  is  probable  Eleclricity  ads 
by  rendering  the  fluid  more  fit  to  be  taken  up  by 
th  s  fyflem  of  veffels.  Hence  in  Ganglions,  which 
have  remained  ftacionary  for  years  ;  a  blow  upon 
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them,  by  difturbing  the  texture  or  arrangement  in 
their  fubftance,  occafions  them  to  be  abforbed. 
That  Elecflricity  has  a  fimilar  operation,  is  like- 
wife  probable  from  the  efFed:  of  lightning. 

A  woman  who  had  a  fchirrous  Tumor  in  her 
breaft  for  fome  years,  was  flruck  by  lightning  juft 
in  that  part  ;  the  fhock  was  neceffarily  fevere,  but 
in  three  days  the  Tumor  difappeared.  With  re- 
gard to  the  other  fpecies  we  have  endeavoured  to 
defcribe,  there  is  a  difference  in  the  nature  of  the 
fluid,  as  well  as  the  ftate  of  the  parts.  This  will 
ferve  as  a  comment  on  the  difference  I  have  ftated 
to  exift  between  morbid  adlion  and  increqfed  acftion  ; 
the  fluid  under  incrtafed  adlion  is  more  readily  ab- 
forbed, whereas  the  other  is  not ;  and  why  ?  be- 
caufe  there  is  not  that  fame  capability  of  its  doing 
fo.  There  muft  have  been  fome  alteration  in  thefe 
parts,  or  in  their  fund:ions,  to  have  produced  this 
fluid,  or  to  have  left  it  remain  after  it  was  pro- 
duced ;  and  this  alteration  conftitutes  a  difference 
in  the  fiate  of  the  -parts.  That  there  is  a  difference 
in  the  nature  of  the  fluid,  is  likewife  evident ;  it 
may  be  remarked  that  coagulable  lymph,  or  that 
fluid  which  is  effufed  under  a  healthy  inflamma- 
tion, is  more  adapted  to  the  procefs  of  abforption 
than  any  other.  In  every  injury  nature  pours  out 
this  fluid  to  flop  the  danger,  or  fupply  the  defici- 
ency ; 
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cncy  ;  and  whatever  is  fuperfluous  to  her  inten- 
tions (lie  removes.  But  to  proceed  to  the  cafe 
which  will  illuftrate  thefc  remarks. 

C  A  S  E      II. 

A  gentleman  about  thirty  years  of  age,  applied 
to  me  on  account  of  a  difeafe  of  the  Tefticle,  with 
which  he  had  been  afflicled  fome  months.  His 
hiftory  of  the  cafe  was  nearly  as  follows :  about  lix 
months  ago  he  obferved  an  enlargement  on  the  left 
Tefticle,  which  he  thinks  came  on  without  any 
blow  or  injury  being  received.  He  left  it  for 
fome  weeks  without  applying  any  remedy  or 
feeking  any  advice ;  it  very  gradually  increafed 
in  lize,  and  he  confulted  a  furgeon  about  it, 
from  whom  he  took  Cicuta  and  Calomel,  and 
rubbed  Unq.  Merc,  on  the  part :  this  plan  he 
regularly  perfevered  in  for  a  confiderable  time, 
yet  without  effedl.  He  applied  to  me,  in  order  to 
try  Eledricity,  and  at  this  time  the  ftate  of  the 
parts  was  worfe  than  before.  On  examination  I 
found  the  Tefticle  itfelf  enlarged,  but  not  hard, 
rather  fofcer  than  natural:  this  increafe  of  lize 
however  did  not  form  the  whole  bulk  of  the  Tu- 
mor, for  there  was  a  very  evident  colledlion  of 
fluid,  and  therefore  the  chances  of  fuccefs  were 
lefs;  for  belides  the  time  which  would  be  required 
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to  remove  this  depolit,  there  did  not  appear  to  be 
power  in  the  parts  to  accomplifli  it  ;  however,  as 
the  fpermatic  cord  was  perfectly  found,  and  no 
pain  in  the  Tefticle  which  could  indicate  danger. 
Electricity  Vv'as  tried.  I  begun  by  firft  applying 
powerful  fparks  to  the  whole  furface  of  the  fcro- 
tum,  by  which  I  was  enabled  to  fend  fhocks  thro' 
the  Tumor  without  occafioning  much  pain.  The 
Hiocks  were  daily  increafed  in  number,  and  conti- 
nued  with  much  regularity  for  the  fpace  of  a  month 
or  five  weeks,  with  only  this  apparent  utility,  that 
the  Tumor  was  not  in  the  leaft  increafed :  it  was 
continued  about  three  weeks  longer,  v/hen  unfor- 
tunately the  gentleman  was  obliged  to  leave  town 
on  fome  important  bulinefs.  The  Hze  was  now 
certainly  lefs,  and  from  further  perfeverance  it  is 
probable  he  might  have  been  cured. 

The  event  of  thefe  cafes  is  by  no  means  uniform ; 
where  there  is  a  large  collecflion  of  fluid,  it  is  beft 
to  evacuate  it  by  making  an  opening  with  a  trocar, 
and  afterwards  electrifying  it,  adhefion  will  follow. 
In  this  manner  it  may  be  very  advantageoufly 
employed  in  Hydrocele,  making  a  conftant  pref- 
fure  upon  the  part  after  the  water  is  difchargcd, 
and  cledtrifying  it  with  as  m.uch  power  as  the  pa- 
tient is  capable  of  bearing. 

RHEU- 
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RHEUMATISM. 


It  will  fcarcely  be  necelTary  to  inform  the  reader 
that  there  are  two  fpecies  of  this  complaint  re- 
markably different  from  each  other  in  their  fymp- 
toms,  peculiarities,  and  treatment;  theie  are  de- 
nominated, the  ^za^/d' and  ^r/jrofz/V.     It  is  to  the  lat- 
ter, wqih'^U  principally  confine  our  obfervations, 
.a^.,atjij^inthis  Ele(5tricity  is  more  eflentially  fervice- 
a,lpl!?.  <  Hov/ever   undetermined  the  queftion  may 
bte  with  regard  to  the  efFed  of  Eledricity  in  quick- 
„l^^'yqg  the    pulfe,   or  accelerating   the  -  fecretions, 
,  ^}^n  the  patient  is  only  charged  with  this  fluid  by 
,i^cujationj  no  doubt  can  be  entertained  of  its  pow- 
er when  communicated  by  fbocks.     We  may  pre- 
fume  on  this  principle  to  account  for, its  efFedls, 
from  CGcfidering  the  circumflances  by  which  the 
complaint  is  occaiioned  :    it  is  moft   frequently 
brought  on  by  expofure  to  cold,  when  the  patient 
is  ^arm  and  the  fidn  mqifl:  j  a;fudden  fuppreflion  or 
obftrudlion  to  the  perfpirable  matter,  then,  may  be 
allowed  in  the  firft  inftance  to  be  the  fource  of  the 
.  attiidlion :  hence  the  variable  and  fludluating  flate 
of  the  patient's  feelings,  fubj eating  him  to  the  in- 
fluence of  every  viciffitude  of  feafon  or  climate, 
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and  rendering  him  almofl:  a  walking  barometer. 
But  whatever  may  be  the  proximate  caufcofthe 
difeafe,  or  the  modus  operandi  of  the  remedy,  its 
advantages  are  too  obvious  to  be  denied;  at  leaft 
the*  following  cafes  will  prove  the  fasfl. 

CASE      I. 

A  gentleman  \^ho  is  not  much  accuflomed  to 
travelling,  was  feized  with  violent  rheumatic  pains, 
in  confequence,  he  fuppofes^  of  being  obliged  to 
ride  in  a  very  rainy  day  from  London  to  Windfor; 
the  pain  was  fo  fevere  as  to  confine  him  for  feve- 
ral  days  to  his  bed.  By  the  ufe  of  the  remedies 
adminiftered  to  him,  the  urgency  of  his  fymptoms 
foon  began  to  abate,  but  he  was  (iill  afflidled  with 
pain  in  the  fmall  of  the  back,  extending  along  up 
to  the  flioulder ;  thefe  fymptoms  increafed  as  the 
feafon  advanced,  for  it  was  about  the  latter  end  of 
autumn.  He  continued  to  labor  under  the  com- 
plaint with  more  or  lefs  violence  throughout  the 
winter,  notwithftanding  the  ufe  of  liniments,  plaif- 
ters,  fudorifics,  and  every  thing  which  could  be 
recommended.  About  a  twelvemonth  from  the 
commencement  of  the  difeafe,  he  begun  the  ufe  of 
Eiecftricity  :  his  pain  was  now  fixed  in  the  loins ; 
he  was  not  much  relieved  in  the  firft  week,  when 

only 
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only  flight  fhocks  were  fent  through  the  part,  but 
by  increaiing  their  ftrength,  he  foon  perceived 
their  efficacy.  He  continued  the  ufe  of  the  Elec- 
tricity for  nine  weeks,  when  he  felt  himfelf  per- 
fedlly  cured,  and  by  obfcrving  more  caution  in 
cloathing  and  going  out,  felt  no  return  during  the 
■winter. 

CASE      II. 

A  lady,  by  fitting  in  the  diredlion  of  a  current 
of  air,  was  incapable  of  moving  her  neck  without 
the  moil  violent  pain  ;  fhe  was  cured  in  a  few 
days  by  the  application  of  powerful  fparks  to  the 
neck. 

Thefc  and  a  variety  of  fimilar  cafes  might  be  re- 
corded, but  would  be  of  lefs  confequence  to  men- 
tion, as  they  are  well  known  to  fubmit  to  this  re- 
medy. It  M'ill  therefore  be  fufficient  to  clofe  thefe 
preceding  pages,  by  fome  general  obfervations  on 
the  application  of  this  fluid  in  a  few  other  difeafes 
not  yet  alluded  to,  in 

GOUT. 

In  the  early  flages  of  this  difeafe  we  have  feldoni 
reafon  to  expedl  any  ferious  confequences,  and 
therefore  it  will  be  ufelefs,  as  well  as  mifapplied, 

to 
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to  add  any  remarks  on  the  treatment  befl:  adapted 
to  this  ftage  of  the  difeafe.  It  might  indeed  be  an 
objcdl  worthy  inveftigation,  what  caufes  predif- 
pofe  certain  conftitutions  to  the  gout  more  than 
others,  and  what  means  will  be  likely  to  obviate 
or  correit  this  difpolition ;  but  this  does  not  come 
under  the  delign  of  the  prefent  pamphlet.  The 
circumflances  to  which  Eleftricity  is  adapted,  are 
principally  of  two  defcriptions ;  the  one,  where 
Gout  having  frequently  attacked  the  extremities, 
at  laft  endangers  the  vital  organs ;  the  other,  where 
inftead  of  being  determined  to  one  particular  part^ 
of  the  body,  it  flies  from  one  fituation  to  another, 
conftituting  the  irregular  or  mifplaced  Gout. 

In  the  former  of  thefe  its  effects  are  fuperior, 
for  by  its  powerful  llimulus  it  will  more  fpeedily 
accomplifh  that  revulfion  and  determination  from 
the  ftomach  to  the  extremities,  than  other  reme- 
dies which  are  employed.  The  more  powerful 
machines  will  be  neceffary  in  thefe  cafes,  that 
fparks  of  fufRcient  ftrength  may  be  adminidered  ; 
it  has  feveral  advantages,  which  in  the  fituation  in 
which  fuch  patients  are,  will  be  found  conlidera- 
ble,  for  it  does  not  require  that  they  fhould  under- 
go the  fatigue  attendant  on  moving  them  to  a  hot 
bath,  or  a  pediluvium  ;  it  does  not  even  become 
neceffary  to  remove  the  flannels  from  the  part,  for 
if  the  machine  is  capable  of  giving  fuch  fparks 

as 
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as  are  necelTaiy,  they  will  a6l  through  an  interme- 
diate fubftance  of  that  defcription.  Hence  in  re- 
lieving a  gouty  attack  on  any  vital  organ^  whether 
the  ftomach,  the  brain,  or  any  other  vifcus,  this 
remedy  defervcs  a  preference. 

In  the  irregular  attacks  of  Gout,  it  will  be  found 
to  relieve  the  patient  from  confiderable  fuffcring, 
and  Ihorten  the  period  of  his  indifpofition  :  its  in- 
fluence in  this  refpedt  may  be  illuftrated  by  analo- 
gy, e.  g.  when  a  perfon  on  expofure  to  cold  has 
an  inflammation  of  the  toniils,  which  inflammation 
becomes  confiderable,  and  perhaps  terminates   in 
fuppuration,  he  is  much  more  liable,  on  being  ex~ 
pofed  to  limilar  caufes,  to  fuifer  an  attack  on  thofc 
parts  than  any  other,  becaufe  they  are  more  fuf- 
ceptiblc  than  any  other  of  the  inflammatory  adlion. 
With  regard  to  Gout  then;  when  a  perfon  labours 
under  fymptoms  of  irregular  Gout,  the  pain  fhift- 
ing  from  one  part  to  another,  without  being  more 
confined  to  either  in  particular,  let  a  few  flight 
Ihocks  be  pafled  through  the  extremities,  together 
with  fome  flrong  fparks,  and  repeat  this  treatment 
every  day,  and  the  difeafe  will  be  determined  by 
this  means  to  that  fltuation.     If  it  fliould  be  aflced 
what  benefit  is  thus  obtained  ;  it  will  only  be  ne- 
cefTary  to  reply,  that  by  this  treatment  the  patient 
is  guarded  againfl  an  effedl  to  which  he  was  before 
fubjed.     For  this  fpecies  or  peculiarity  of  the  dif- 
eafe 
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eafe  frequently  difpofes  it  to  attack  the  head,  oc^ 
cafioning  giddinefs,  pain,  and  fomctinnes  apoplexy* 
By  fixing  it  to  the  extremities,  this  danger  is  re- 
moved. Another  advantage  is  this  :  under  the 
former  fymptoms,  the  patient  is  conftantly  ha  raff- 
ed by  the  difeafe,  but  by  bringing  it  into  the  form 
of  a  regular  paroxyfm,  he  enjoys  intervals  of  health 
and  pleafure,  and  may  by  proper  treatment  and 
prudent  caution,  fometimes  prevent  a  relapfe,  or 
at  leaft  prolong  his  relief. 

I  could  adduce  fome  cafes  in  proof  of  thefc  re- 
marks, were  I  not  obliged  to  curtail  the  fize  of 
this  pamphlet,  and  therefore  I  proceed  to  the  con- 
•fideration  of 


DROPSY. 

It  has  been  a  queftion  which  Hill  remains  per- 
haps undetermined,  whether  this  difeafe  arifes 
from  an  increafed  fecretion,  or  a  diminilhed  ab- 
forption.  That  in  many  inftances  it  originates 
from  the  former,  will  not  be  difficult  to  demon- 
ftrate,  and  it  will  then  be  eafily  underflood  how 
the  adminiftration  of  Elecftricity  can  prove  bene- 
ficial, e.  g.  one  frequent,  if  not  the  moft  ufual 
caufe  of  Dropfy  (Afcites  more  particularly)  is  an 
obftrudion  to  the  paflage  of  the  blood  through 

that 
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that  organ  ;  confequently  there  muft  be  a  propor- 
tional determination  of  fluids  to  fome  other  parts. 
In  thefe  cafes,  fhocks  fent  through  the  liver  will 
be  found  highly  ferviceable ;  that  is  to  fay,  when 
there  are  no  fymptoms  of  acVive  exifting  inflam- 
mation, it  may  be  very  ufefully  combined  with 
mercury,  when  given  with  a  view  of  curing  a  chro- 
nic affec^lion  of  that  vifcus,  and  will  be  found  to 
agree  beft  under  the  fame  circumftances  in  which 
the  ufe  of  that  medicine  is  found  proper ;  it  will 
tend  to  quicken  the  circulation  through  it,  and  to 
remove  thofe  fchirrous  afFedlions  which  are  the 
caufe  of  the  difeafe.  But  there  is  another  part  of 
the  animal  oeconomy  peculiarly  deftined  to  the 
fecretion  of  the  watery  part  of  the  blood.  This  is 
the  kidney  in  which  obftrudions  frequently  hap- 
pen, and  prevent  the  natural  outlet  to  the  paflage 
of  the  fluids.  In  thefe  cafes  Eledricity  has  been 
found  the  moft  powerful  diuretic  in  every  confti- 
tution  difpofed  to  Dropfy ;  it  becomes  abfolutely 
neceffary  to  render  the  paflage  through  the  kidneys 
perfedtly  free,  as  there  being  already  a  tendency 
for  the  watery  parts  of  the  blood  to  run  into  fome 
other  channel,  that  will  be  greatly  accelerated  if 
the  kidneys  are  not  capable  of  exercifing  their  na- 
tural fundlions.  There  is  in  many  inftances  a  de- 
gree of  torpor  and  inaftivity  in  thefe  organs,  ren- 
dering them  unfit  for  their  office ;  and  hence  i^ 
F  has 
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has  often  happened  that  by  the  paffagc  oflhocks 
through  them,  a  patient  has  very  fhortly  after- 
wards evacuated  a  large  quantity  of  urine.  The 
fame  precaution  is  neceflary  to  be  obferved  here, 
however,  as  in  other  inftances,  not  to  apply  it  un- 
der a  ftate  of  inflammation. 


NERVOUS  HEAD-ACH. 

This  is  a  complaint  in  which  Elc^ricity,  under 
certain  circumflances,  will  be  found  beneficial.  I 
do  not  mean  to  allert  that  it  is  capable  in  every  in- 
ftance  of  Head-Ach  occurring  in  delicate  irritable 
habits,  of  giving  that  firmnefs  to  the  nerves  as  to 
prevent  their  being  affected  by  the  fame  caufes, 
but  that  it  will  in  thofe  cafes  prove  ferviceable 
where  there  is  a  fixed  pain,  or  rather  a  pain  in  one 
particular  fixed  part,  forming  what  is  called  the 
Clavis  Hyftericus.  Every  one  almolt  muftbe  ac- 
quainted with  this  defcription  of  Head-Ach,  and 
muft  likewife  know  hov/  inadequate  medicines  fre- 
quently are  in  preventing  their  return  :  in  fadl,  af- 
ter a  certain  continuance,  the  part  being  in  the 
habit  of  fuifering  this  attack,  it  returns  at  length 
at  regular  ftated  intervals ;  and  fo  great  is  the  dif- 
pofition  to  relapfc,  that  the  mod:  powerful  means 
will  not  prevent  it ;  and  opium,  which  at   other 

times 
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times  will  affed  the  patient  very  fenfibiy,  will 
have  no  efFecfl  at  all  in  diminilhing  the  pain.  In 
thefe  cafes  it  is  neceflary  to  pafs  Ihocks  through 
the  head,  at  the  part  where  this  pain  is  feated :  this 
treatment  fhould  be  begun  about  a  M^ek  previous 
to  the  period  at  which  it  is  expedted  to  return,  and 
continued  till  about  the  fame  time  has  elapfed  be- 
yond that  time.  This  does  not  preclude  the  ne- 
ceflity  of  other  means  direcT:ed  for  this  complaint, 
among  which  cold-bathing,  air  and  exercife,  and 
abftaining  from  the  ufe  of  the  ftrong  fine  teas, 
lare  very  important. 


F  2  METALLIC 


METALLIC  TRACTORS; 

OR,  THE 

EFFECTS  OF  COMBINED   METALS 

ON  THE 

HUMAN    BODY. 


THEN  the  peculiar  properties  of  the  Gym- 
notus.  Torpedo  and   Silurus  were  afccr- 
tained  to  be  of  an  cle(ftric  nature,  that  thefe  had 
been  wonderfully  provided  with  organs  calculated 
for  the  accumulation  and  evolution  of  this  furprif- 
ing  principle,  in  order  to  arrcft  their  prey,  then 
many  phiiofophers  began  to  attribute  to  Eledlri^ 
,  city  a  variety  of  other  phenomena.     The  moft  re- 
markable is  that  communicated  in  a  letter  from 
Dr.  Cotugno  to  Chevalier  Vivenzio  in   1784,  ref- 
pedling  a  moufe  being  an  eledlrical  animal ;  cafual- 
ly  holding  the  ikin  of  the  back  between  his  finger 
and  thumb,  in  order  to  make  an  incifion  into  the 
abdomen  v.  ith  his  pen-knife,  the  tail  of  the  moufc 
was  fecured  bctv/een  the  two  lafl"  fingers ;  in  tlie 
ftrugglc   of  the  animal,  the  tail  vibrated,  and  he 
felt  a  fhock  through  his  left  arm  up  to  his  neck, 
attended  with  a  giddinefs  of  the  headj  which  con- 
tinued a  quarter  of  an  hour. 

Although 
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Although  this  fame  operation  has  been  repeated 
many  times  by  others,  no  fuch  effeds  have  ever 
been  experienced  ;  and  from  one  folitary  inftance 
no  fair  dedudions  can  be  made. 

Seven  years  after  this  period,  Galvani  publifhed 
his  curious  experiments ;  in  thefe  he  has  fhevvn  that 
a  frog,  dead  and  Ikinned,  is  capable  of  having  its 
mufcles  brought  into  adtion  by  means  of  artificial 
or  atmofpherical  Eledricity ;  and  fecondly,  has 
difcovered,  that  independent  of  any  artificial  or 
natural  Eledlricity,  the  fame  motions  may  be  pro- 
duced in  the  dead  animal,  or  even  in  the  detached 
limb,  by  making  a  communication  between  the 
nerves  and  the  mufcles  with  fub fiances  that  are 
condudors  of  Eledricity.  On  this  account  it  is 
that  the  name  of  Animal  Ele5fricity  has  been  be- 
llowed on  this  wonderful  proi  erty. 

In  the  beginning,  when  the  mufcular  power  is 
flrong,  the  inftant  after  the  head  of  the  frog  is  re- 
moved, the  mufcles  will  be  thrown  into  convulfive 
adions  by  the  flighteft  difturbance.  Pieces  of  the 
fame  metal,  even  the  mere  agitation  of  the  table 
will  fuflice :  afterwards  different  metals  are  re- 
quired ;  the  more  diflimilar  the  metals,  the  better 
the  effed ;  as  gold  and  lead,  lilver  and  z,inc,  are 
better  than  gold  and  iilver,  or  lead  and  zinc. 

This  property  is  not  peculiarly  confined  to  the 
frogs,  the  mufcles  of  every  animal  are  fubjed  to 

the 
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the  fame  agitation  ;  as  the  mufcular  parts  of  the 
more  imperfed:  animals  retain  longer  the  princi- 
ple of  life,  they  are  longer  liable  to  this  influence. 
Thus  alfo  we  find  the  living  body  fenfible  of  the 
a6lion  of  metallic  applications.  If  we  place  a  piece 
of  zinc  under  the  tongue,  and  a  Ihilling  between 
the  upper  lip  and  the  gum,  and  when  thefe  are 
difengaged  from  the  finger,  and  brought  into  con- 
ta6l  by  elevating  the  under  jaw,  not  only  a  remark- 
ably pungent  talle  is  experienced,  but  alfo  a  fiafli 
of  light  before  the  eyes. 

If  a  flip  of  tin  foil  be  placed  upon  the  eye  Ihut, 
and  a  filver  fpoon  in  the  mouth,  on  completing  the 
communications  between  thefe  metals,  a  white  light 
will  appear. 

Some  perfons  experience  different  fcnfations ;  in 
fome  the  fenfation  is  hardly  perceptible,  in  others 
it  is  very  fl:rong.  Volta  fays  he  perceived  fome- 
thing  of  an  alkaline  nature  when  the  filver  is  ap- 
plied to  the  apex,  and  the  tin  to  the  back  part  of 
the  tongue  ;  when  thefe  metals  were  reverfed,  the 
tafte  was  fubacid.  Dr.  Monro,  when  trying  it 
between  the  upper  lip  and  the  tongue,  always  felt 
a  pain  in  the  upper  jaw  ;  and  when  he  applied  a 
probe  of  zinc  to  the  infide  of  i  he  nofe,  and  a  piece 
of  filver  to  the  tongue,  feveral  drops  of  blood  fell 
from  the  noftrils  j  Dr.  Fowler  experienced  a,  fimi- 
lar  effedl:. 

Mr. 
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Mr.  Robinfon  obferves,  that  if  a  Rouleau  is 
made  of  pieces  of  zinc  and  fhillings,  when  in  the 
mouth  the  irritation  is  very  ftrong  and  difagreea- 
blc.  Thus  we  may  difcover  the  (trong  tafte  of 
foldered  feams  of  metal  in  brafs  and  copper  velTels, 
which  the  eye  cannot  perceive. 

Thefe  circumftances  prove  that  metals  poflefs 
different  degrees  of  Eledtricity,  yet  their  difference 
is  fo  fmall  that  they  cannot  overcome  the  refift- 
ances  of  the  air.  See.  fo  as  to  equalize  themfelves. 
When  in  contadt  with  fubftanccs  which  are  better 
condudors,  then  an  evolution  will  take  place 
from  that  which  polTefTes  the  excefs. 

So  trivial  is  the  quantity  of  Electricity  difen- 
gaged,  that  the  moft  delicate  Elecflrofcopes  are  no 
ways  fenfible  to  it ;  even  to  influence  the  mufcular 
fibre,  immediate  contacft  is  requifitc;  if  even  the 
cuticle  is  interpofed,  the  whole  effete  is  deftroycd. 

Notwithftanding  this,  a  Dr.  Perkins,  of  an  A- 
merican  Province,  has  folemnly  avowed  to  the 
world,  that  by  means  of  metallic  combinations, 
formed  into  kind  of  pencils,  by  drawing  thefe 
gently  over  any  part  of  the  body  labouring  under 
any  fixed  pain,  that  the  pains  have  been  removed. 

Dr.  Perkins  feems  to  fuppofe  that  in  the  human 
frame,  there  may  be  local  exceffes  of  Eleclricity  ; 
fuchan  hypothefis  requires  many  proofs  to  its  fup- 
port.     Even  allowing  this,  the  daetals  thus  com- 

bined 
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bined  poflefs  no  power  of  equalization,  they  pro- 
duce no  alteration  in  the  ftate  of  Eledricity  in  the 
animal  frame  j  the  whole  change  which  is  induced, 
is  between  themfelves. 

Metals,  as  already  obfervcd,  applied  to  the  fkin^ 
have  no  influence :  if  then  the  gentle  irritation  of 
thefe  traitors  is  any  ways  beneficial,  mufl  either 
beby  ading  on  the  imagination  af  the  patient,  or 
by  the  pleaiing  mechanical  ftimulus.  Dr.  Thorn- 
ton allured  a  medical  fociety  in  town,  by  the  re- 
queft  of  Dr.  Perkins  he  tried  the  tradtors  on  a 
poor  woman  who  complained  of  pains  in  both 
arms  ;  he  applied  the  tractors  to  one  arm ;  Ibe  felt 
herfelf  immediately  relieved.  To  afcertain  whe- 
ther the  relief  was  dependent  on  this,  he  drew  a 
wooden  fkewer  over  the  other  arm ;  the  woman 
experienced  iimilar  relief;  which  demonftratcs  that 
it  no  ways  depended  on  any  peculiar  properties  of 
the  tradlors. 

I  have  tried  them  frequently  on  thofe  whofe 
minds  were  not  to  be  eafily  worked  upon  and  have 
never  perceived  the  leaft  cffcS:.  I  prepared  tradors 
of  tin,  zinc,  copper,  and  brafs,  in  every  different 
proportion  ;  have  never  found  this  to  produce  any 
other  clfeds  than  what  might  be  procured  by  a 
tommon  nail. 

FINIS. 


A    N. 

ANALYSIS 

OF    A 

COURSE  of  LECTURES 

ON    THE 

PRINCIPLES 

O  F 

NATURAL  PHILOSOPHY, 

By  C.  H.  WILKINSON,  Surgeon, 

OF    THE 

SOCIETY  OF  ARTS, 

Member, OF  the  philosophical  society 

O    F 

MANCHESTER, 

AND 

LECTURER  ON  EXPERIMENTAL  PHILOSOPHY 

A  T 

St.  BARTHOLOMEW'S  HOSPITAL, 


3C.oninin: 
PRINTED  FOR  M.  ALLEN,  15,  PATERNOSTER-ROW. 

»799' 


AN 

A  N  A  L  Y  SI  S 

ON    THE 

PRINCIPLES 

O  F 

NATURAL  PHILOSOPHY. 


MATTER. 

MATTER,  as  derived  from  Mater^  the  mo- 
ther, in  the  abftracfl  implies  a  more  con- 
fufed  and  general  idea  of  folidity,  with  little  or  no 
regard  to  figure,  proportion,  or  quantity  j  the 
form  under  which  Matter  appears,  is  generally 
termed  body^  and  that  which  fupports  or  ftands 
under  the  different  forms  which  are  prefented  to 
our  fenfes,  is  charadlerifed  by  the  word  fuhftance. 

Matter  exifts  wherever  there  is  a  resistance. 
Figure  and  extenfion  are  fuperfluous  in  the  defini- 
tion* 

G  2  Matter 


(     So     } 

Matter  in  its  primary  (late  is  homogeneal,  by 
the  different  combinations  of  thefe  primary  parti- 
cles produce  a  proportionate  variety  in  the  confti- 
tuent  particles,  which  by  their  arrangement  form 
the  different  clafles  of  natural  bodies  that  compofc 
this  earth. 

Thus  it  may  be  fuppofcd  that  two  primary  par- 
ticles united,  may  form  a  conftituent  particle  of 
light ;  three  particles  united,  a  conftituent  parti- 
cle of  fire;  four,  a  conftituent  particle  of  air:  and 
thus  by  different  combinations,  form  that  great 
variety  of  bodies  we  fee. 

To  thefe  confiituent  particles  our  chemical  pow- 
ers are  limited ;  a  conftituent  particle  of  mercury 
can  no  ways  be  changed  iato  a  conftituent  particle 
of  gold.  The  powers  of  life  can  reduce  thefe 
conftituent  particles,  and  by  different  combinations 
produce  different  refults. 

Had  the  globe  been  placed  in  any  other  part  of 
the  univerfe,  the  nature  of  bodies  muft  have  been 
materially  different.  Under  the  influence  of  diffe- 
rent caufes,  different  combinations  would  have 
taken  place  :  the  principle  of  life  diffufed  through 
the  univerfe  being  roufed  to  different  aclions,  the 
combinatory  producfts  would  have  differed  alfo. 

The  different  ftates  in  which  Matter  appears  are 
three : 

Firft. 
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Firft.  A  ftate  of  fortuitous  concourfe,  where  in 
its  accumulation  no  fpecific  form  has  been  af- 
fumed,  no  peculiarity  of  appearance  defined. 

Secondly.  The  arrangement  by  the  power  of 
iife,  to  which  the  greatefl:  portion  of  natural  bodies 
is  reducible,  as  tvoody  coral,  Jhells  of  all  cruftace- 
ous  animals,  marble,  Jlones,  ivory,  metals,  coal,  ful- 
phur,  and  probably  every  fubftance  which  "has  an 
uniformity  in  its  appearance^  without  any  cryfla- 
liiing  arrangement,  to  this  caufe  may  be  attri- 
buted. 

By  this  power  the  female  glow-worm  forms  her 
phofphorus,  the  bee  its  honey,  and  the  ferpent 
its  poifon. 

Thus  fern  leaves  confifl  of  one  quarter  iron :  this 
metal  is  not  found  peculiarly  in  the  earth  in  which 
the  fern  vegetates,  nor  in  the  air  which  furrounds 
the  plant.  It  muft  originate  from  fome  powers  of 
combination  inherent  in  the  plant ;  the  fame  pow- 
ers which  form  the  peculiar  lap,  the  fame  can  con- 
vert the  conftituent  particles  of  one  body  into  thofe 
of  iron. 

Thus  fhell-filh  can  convert  their  own  nourifh- 
ment  into  envelopements  of  aerated  limCj  and  the 
coral  formed  into  maffes  of  an  enormous  extent  by 
the  united  labours  of  myriads  of  polypes :  from 
thefe  all  fpecies  of  calcareous  earth  derive  their 
origin,  as  marble,  ftones,  &c.  In  the  Atlantic 
G  3  Ocean 


Ocean  and  the  Northev  :   .enllve  rocks 

of  coral  daily  increaling,  le  course  of 

ages   lay  foundafions   to    r.  :    vna.y    thus 

conceive  how  Delos  and   R  ,* ;  ;  ■  at  of  the 

fea,  and  the  two  if-ands  of  the  A.        .   which  e- 
merged  in  the  fixteeiiLh  century. 

As  thefe  combinations  are  the  reiulc  of  the  a? 
gency  of  life,  according  as  this  principle  is  influ- 
enced, fo  the  produds  W'ill  be  alfo.  Thus  the 
debilitated  fcomarh  of  the  gouty  patient,  inftead  of 
performing  its  duty  with  its  ufual  energy,  decom- 
pofes  the  fluid  with  which  it  is  fupplied,  and  con- 
verts it  into  large  quantities  of  air. 

Thus  animal  fubftances  under  certain  circum- 
ftances,  with  refpedt  to  temperature,  moifture,  and 
air ;  the  balance  of  affinities  is  foon  broke,  and  the 
putrefadlive  procefs  cakes  place. 

When  the  fame  fubflances  are  placed  in  war 
ter,  the  fame  changes  do  not  take  place  ,  the  prin- 
ciple which  in  the  one  is  evolved,  is  here  retained^ 
and  the  whole  converted  into  a  waxy  fubfl:ance.* 

So 

*  My  friend  Dr.  Gibbes  of  Bath,  well  known  for  his 
accurate  experiments  on  the  converfion  of  the  component 
parts  of  animal  fubftances,  into  a  kind  oF  fpermaceti,  thus 
elegantly  explains  the  change  which  flelli  untiergoes  in 
water, 

«  Flelh 
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So  vegetables,  when  prefTed  by  large  mafles  of 
c^^rth  from  the  unequal  a6lion  of  earthquakes,  or 
the  overwhelming  of  volcanic  powers  j  where 
whole  forefts  are  fwept  down  and  ingulphed  by 
thofe  convullions ;  the  amazing  fuperincumbent 
prelTure,  and  the  different  change  of  lituation, 
confolidates  and  converts  the  vegetable  fubftancc 
into  coal ;  and  thus  under  a  little  change  of  cir- 
cumftances,  may  be  converted  into  fprings  of  Pe- 
troleum and  rivers  of  Naptha.* 

*'  Flefli  and  animal  matters  in  general,  are  compofed  of 
"  oxygene,  hydrogene,  carbone  and  azote  ;  water  is  com- 
"  pofed  of  oxygene  and  hydrogene,  and  the  fubftances  which 
*?  are  formed  are  fatty  matter,  or  a  triple  combination  of 
"  oxygene,  hydrogene,  and  carbone ;  ammonia,  in  fmall 
"  quantities,  compofed  of  hydrogene  and  azote ;  carbonated 
*'  hydrogenous  gas  compofed  of  hydrogene  and  carbone ; 
**  and  nitrous  acid  compofed  of  oxygene  and  azote. 

*  Coal  mines  in  the  vicinity  of  volcanoes,  there  are  fprings 
©f  Petroleum  and  rivers  of  Naptha.  At  Baku  there  are 
ftreams  of  Naptha  in  a  continual  ftate  of  combuflion. 

Thus  the  vegetable  fixed  alkali  is  formed  from  the  Lixi- 
vium of  common  wood  afhes,  while  the  mineral  alkali  is  ob- 
tained by  the  fame  procefs  from  marine  plants  :  fituated  on 
the  Weft  of  Delta,  Sicard  and  Volney  tell  us  of  lakes  of 
Natron  found  in  a  native  ftate. 

Thus  in  the  former  cafe  the  vegetable  forms  an  union  of 
nitrogenous,gas  with  lime  to  conftitute  pot  afh  ;  while  in  the 
latter  the  gas  unites  with  magnefia  to  form  the  foda. 

G  4  So 
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So  fulphur  is  formed  by  the  decompofition  of 
vegetables  and  animals  j  and  Monfieur  Deyeux  fays 
it  exifts  naturally  in  certain  plants. 

Third  State  of  Matter  is  the  arrangement 
by  cryftallization.  In  various  minerals  we  ob- 
ferve  a  fomething  more  than  a  mere  fortuitous 
concourfe  of  the  conftituent  particles  ;  there  is  a 
fymmetric  aflemblage,  a  beautiful  arrangement, 
appropriate  to  particular  bodies.  When  thefe  pre- 
fent  themfelves  under  any  regular  form,  whofe 
faces  may  be  reprefented  by  geometrical  figures, 
fuch  are  called  cryftals. 

This  arrangement  can  only  take  place  when  the 
conltituent  particles  are  in  a  fluid  it^t^j  ^^^  V^n- 
ning  gradually  into  a  folid  form.* 

It  has  been  thought  that  this  arrangement  is  ef- 
fiStfled  by  the  influence  of  a  power,  a  degree  in- 
ferior to  vegetable  life.f 

Since 

*  If  we  diji^^  a  thread  into  a  folution  of  allurn,  we  find  the 
thread  will  be  covered  with  little  cryftals  of  an  oftohedral 
form;  if  we  again  immerfe  the  thread,  we  do  not  find  an 
accidental  fcattering  of  the  fame  cryflals  in  different  parts  of 
the  thread.  The  fucceflive  layers  are  determined  to  the 
firft  cryflals,  increafing  their  fize  with  the  fame  oftohedral 
form. 

+  Haller  obferves  that  animal  life  is  a  degree  above  vege- 
tables, and  vegetable  life  a  degree  above  cryfhallization.  Von 
Linnaeus  fays,    ''•  Lapides  crefcunt,  vegetabilia  crefcunt  & 

vivunt  ; 
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Since  Mr.  Lichtenberg  has  Ihewn  what  beauti- 
ful configurations  may  be  produced  on  an  eledlre- 
phorous,  and  the  ramifications  influenced  by  the 
ftate  of  Eledricity,  with  fome  degree  of  reafon  it 
has  been  thought  that  cryftallization  maybe  owing 
to  the  influence  of  the  fame  principle. 

As  bodies  have  different  capacities  for  Eledlri- 
city,  fo  the  conftituent  particles  of  different  mine- 
rals polTefs  different  degrees  of  power ;  if  they  are 
influenced  in  their  arrangement  by  this  power, 
each  animal  mull  have  its  own  refpecflive  arrange- 
ment. 

When  the  procefs  is  flow,  the  arrangement  is 
fymmetrical  and  regular ;  when  hurried,  the  fur- 
faces  are  ill-formed^,  and  fometimes  an  alTemblagc 
of  almoft  imperceptible  moleculae.* 

a^lvunt;  animalia  crefcunt,  viyunt  &  fentiunt."  Monfieur 
Metherie  and  others  have  fuppofed  that  there  are  feeds  of 
cryftallization,  that  theie  is  a  fpontaneous  generation  in  the 
mineral  kingdom  ;  they  have  extended  this  dofcrine  fo  far 
as  to  fuppofe  animals  or  vegetables  are  pioduced  by  the 
cryftallization  of  the  feed. 

*  Such  is  the  difference  between  a  rhomboidal  calcareous 
fpar,  and  a  block  of  ftalaQ:ites,  or  white  marble  ;  between  a 
regular  cryftal  of  felenite,  and  the  common  gypfum  or  ala- 
bafter  ;  between  a  quartz  or  roek  cryftal,  the  hexagonal  fpe- 
cies  with  ifofceles  triangular  planes,  and  the  unformed 
quartz,  as  freeftone,  agate  or  flint. 

When 
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When  rendered  fluid  by  heat,  they  are  fubjed  to 
the  fame  intiuencing  principle,  and  arrange  them- 
felves  in  perfedt  order;  inflead  of  ading  from  a 
centre,  they  terminate  here,  and  commence  from 
the  circumference. 

This  is  the  reafon  why  the  conflituent  particles 
of  bodies  rendered  fluid  by  heat  are  more  firmly 
united,  than  the  arrangement  of  thofe  held  in  wa- 
tery folutions. 

In  the  cryftallization  of  falts,  each  particle  ads 
uncontrouled  by  any  furrounding  medium  j  not  fo 
with  melted  glafs  or  metals ;  the  furface  is  firft 
cooled,  and  which  neceflarily  prevents  the  expan- 
iion  of  the  interior  portion,  fo  that  the  conflituent 
particles  arc  gradually  more  and  more  wedged  with 
each  other. 

Glafs,  when  gradually  cooled,  is  regular  in  its 
arrangement,  if  fuddenly  cooled  or  unannealed, 
break,  however  thick,  with  the  flighteil:  tremor. 

Exp.  with  glafs  proofs. 

Exp.  Batavian,  or  Prince  Rupert's  Drops.* 

Qs 

*  Thefe  Drops  are  known  in  England  by  the  name  of 
Hand-Crackers,  of  a  pear-like  form,  v^ith  a  long  tail  ;  when 
a  fmall  part  of  the  tail  is  broke  off,  the  whole  Drop  is  re- 
duced into  powder. 

They  are  made  by  letling  drops  of  melted  glafs  fall  into 
a  velTel  of  cold  water  ;  the  tails  ^re  afterwards  drawn  out  by 
means  of  a  lamp. 

The 
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On  attraction  and  REPULSION. 

All  the  experiments  which  have  been  advanced 
in  order  to  demonftrate  theexiftence  of  certain  acr- 
tive  powers,  may  be  reduced  to  the  five  follow- 
ing. 

I.  The  tendency  of  light  bodies  floating  on  the 
furface  of  water  contained  in  a  veflel,  towards  the 
fide  of  the  velTel, 

The  glafs  is  very  rapidly  cooled,  and,  as  before  obferved, 
the  conflituent  particles  in  a  very  imperfeft  ftate  of  union  : 
the  interior  portions  of  the  Drop  are  flower  in  their  cooling 
as  they  approach  the  centre,  fo  that  every  fucceflive  portion 
will  have  their  conflituent  particles  in  a  more  perfeft  ftate 
of  union,  and  confequently  in  a  ftate  of  greater  approxima- 
tion ;  as  fuch,  every  interior  portion  will  recede  from  the 
exterior,  forr^ing  involucra  like  the  concentric  partitions  of 
an  onion.  All  thefe  fpaces  muft  be  in  the  mod  perfeft  flate 
of  exhauflion,  free  from  every  particle  of  air. 

That  thefe  intervals  are  in  a  ftate  of  exhaufiion,  may  be 
farther  proved,  by  rendering  the  Drops  foft  by  heat ;  the 
bubbles  diminiih,  from  the  glafs,  being  compreffed  by  the 
external  air. 

When  a  portion  of  the  tail  is  broke  off,  a  communication 
is  formed  between  the  atmofphere  and  thefe  concentric  va- 
cua ;  the  air  rufhes  in  with  violence  into  all  the  exhaufted. 
intervals;  each  vitreous  involucrum  yielding  to  the  tremu- 
lous irnpulfe,  the  conflituent  particles  feparate,  and  ths 
whole  fails  into  ruins. 

2.  The 


(     88     ) 

2.  The  rife  of  fluids  in  capillary  tubes. 

3.  The  force  with  which  two  poh'fhed  leaden 
fpheres  cohere. 

4.  Refledion  and  inflexion  of  light. 

5.  Expaniion  of  bodies  by  heat,  and  contradion 
by  cold. 

Thefe  are  all  reducible  to  pure  mechanical  prin-. 
ciples,  principles  which  are  cognizable  to  every 
mind.* 

The  terms  powers,  cetherial  atmofpheres,  attrac- 
tive and  repulfive  influences,  will  be  totally  rejected 
as  principles  whofe  exiftence  we  are  unable  to  con- 
ceive, and  which,  infl:ead  of  elucidating  any  phas- 
nomena  of  nature,  involve  them  in  ftill  greater 
obfcurity, 

V/e  lliall  hereafter  fee  that  in  Eledricity,  Mag- 
;ietifm  and  Gravitation,  that  the  adoption  of  fuch 
terms  is  not  only  unnecelTary,  but  alfo  unphilofo- 
phical. 

*  For  the  more  particular  examination  of  thefe  experi- 
ments, the  reader  is  referred  to  fome  phyliological  and  phi- 
lofophical  effays  I  lately  publilhed. 
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LECTURE     II. 


LAWS  OF  MOTION. 

From  the  fubjedion  of  Matter  to  the  influence 
of  external  agents,  is  deduced  the  firft  Law  of 
Motion. 

LAW      I. 

Every  body  perfevcres  in  its  ftate  of  reft  or  uni- 
form motion  in  a  right  line,  until  fome  external 
force  adls  upon  it.* 

*  The  paffive  ftate  of  bodies  eafily  fuggefts  to  us  the  idea 
of  its  continuing  in  a  ftate  of  reft,  unlefs  influenced  by  ex- 
ternal powers  :  when  imprefTed,  the  perpetuity  of  its  motion 
is  not  fo  conceivable. 

A  man  failing  in  a  boat,  or  riding  on  horfeback,  if  the 
boat  or  horfe  is  fuddenly  flopped,  he  falls  forwards. 

The  ancients  had  many  quibbles  about  motion  ;  Diodorus 
Siculus  denying  its  exiftence,  and  Zeno  endeavouring  to 
prove  the  fame  from  the  circurriftance  of  Achilles  and  the 
tortoife. 

On  the  contrary,  more  modern  philofophers,  as  Wolfins, 
&c.  have  thought  motion  an  active  principle  in  matter,  and 
'h'hich  they  have  termed  vis  viva. 

The 
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The  refiftance  Matter  makes  to  Motion^  is  called 
its  vis  inertice. 

To  term  a  negative  quality  a  po%ver  is  not  ftriiflly 
philofophical,  as  being  perfedly  fuperfluous,  ought 
to  be  remedied  as  unnecelTarily  embarrafling  the 
ftudent's  mind. 

LAW      II. 

The  change  of  Motion  is  in  proportion  to  the 
force  impreffed,  and  takes  place  in  the  diredion 
in  which  the  force  acls. 

A  quiefcent  body  receiving  an  impulfe,  moves 
with  a  velocity  in  ratio  to  the  power  with  which  it 
is  impelled. 

Motion  of  any  whole  is  the  fum  of  the  motion 
of  all  the  parts ;  it  becomes  doubled  in  a  double 
body  moved  with  equal  velocity,  and  quadrupled 
in  a  double  body  moved  with  a  double  velocity. 

Momentum  (fometimes  called  limply  motion) 
is  that  force  with  which  bodies  change  their  place^ 

This  is  always  in  proportion  to  the  quantity  of 
Matter  multiplied  by  the  velocity. 

The  battering-ram  of  the  ancients  being  in 
weight  41,112  pounds,  in  a  fecond  of  time  was 
moved  one  foot.  A  cannon-ball  of  36  pounds 
moves  1 142  feet  in  a  fecond  of  time :  thefe  multi- 
plied produce  41,112,  equal  in  power  to  the  batter- 
ing-ram. 

LAW 
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LAW      III. 

Adion  and  readlion  are  equal  and  contrary.* 
Thefe  three  laws  of  Motion  are  affumed  by  Sir 
Ifaac  Newton  as  the  fundamental  principles  of  me- 
chanics, as  fuch  are  found  to  agree  with  all  experi- 
ments and  obfervations,  are  conlidered  as  mathe- 
matically true. 


COMPOSITION  AND  RESOLUTION 
OF  MOTION  OR  FORCES. 

Ira  body  be  afted  upon  by  any  two  lingle  im- 
pulfes,  it  will  defcribe  the  diagonal  of  a  parallelo- 
gram, in  the  fame  time  it  would  have  defcribed 
either  fide,  had  the  forces  a6led  feparately. 

When  a  body  is  kept  at  reft  by  three  forces, 
they  will  be  as  the  three  fides  of  a  triangle,  parallel 

*  To  illuftrate  the  law  of  aftion  and  reaftion.  Accord- 
ing to  Merfennus,  a  24  pounder  weighing  6400  lb.  gives 
its  ball  an  uniform  velocity  of  640  feet  in  a  fecond.  The 
momenta  01  ihs  cannon,  and  the  cannon  and  the  ball  will 
be  equal  ;  hence  24X640  equal  to  6400X24,  fo  that  on  an 
horizontal  plane  th-?  cannon  would  recoil  near  two  feet  and 
a  half.  Thus  converfely  by  knowing  the  weight  of  a  cannon 
and  its  recoil,  the  momentum  of  the  ball  is  afcertained, 

to 
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to  the  direction  in  which  they  adl.  If  ever  fo 
many  forces  ading  againfl  one  another  are  kept  in 
equilibrio  by  thefe  ad  ions,  they  may  be  all  reduced 
to  two  equal  and  oppolite  forces. 

Two  forces  adting  at  the  fame  time  on, a  body, 
in  diredions  which  are  oblique  to  each  other,  da 
not  move  the  body  by  that  part  of  their  force, 
which  on  account  of  their  obliquity  is  oppolite  and 
contrary,  but  by  what  remains  after  the  oppolite 
forces  are  deduded.* 


CENTRIFUGAL  POWERS. 

BoBiES  when  thrown  into  motion,  their  ten- 
dency to  recede  from  the  centre  of  motion  will  be 
in  the  ratio  of  their  momenta. 

*  It  was  objefted  to  Galilaeo,  when  he  afferted  the  motion 
of  the  earth  from  Weft  to  Eaft,  a  cannon  ball  Ihet  uprightjj 
would  not  fall  down  in  or  near  the  place  where  it  was  fhot. 
A  ball  fired  out  of  a  cannon  elevated  perpendicularly,  and 
placed  in  a  veffel  in  full  fail,  would  fall  down  in  the  can- 
non's mouth. 

So  a  ball  dropt  from  the  top  of  a  mafb  of  a  fhip  in  full 
fail,  would  fall  direftly  to  the  bottom  of  the  mafl. 

The  aftion  communicated  to  thefe  moving  bodies,  is  the 
refult  of  two  forces,  the  propelling  aftion,  and  the  aftion  or 
motion  of  the  veffclj  &c. 

lllulirated 
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illuflrated  by  many  experiments  on  the  whirl- 
ing table. 

Thus  a  bottle  of  any  liquor  (which  after  having 
been  muddy,  is  by  length  of  time  become  fine, 
and  is  again  mtade  foul  by  {baking)  may  foqner  be 
brought  to  be  fine  by  a  centrifugal  force,  than  by 
being  fet  upright  at  reft. 

Upon  the  fame  principles  the  weights  of  the 
fame  body  differ  in  different  latitudes.  The  earth 
in  its  diurnal  revolution,  the  velocity  of  matter 
is  neceffarily  in  the  ratio  of  its  proximity  to  the 
equator;  this  circumftance  influences  the  vibra- 
tions of  pendulums  ten  times  more  than  their  ex- 
panfion  by  heat ;  firft  obferved  by  Richer  at  Ca--. 
yenne. 

From  this  obfervation  it  was  that  Sir  Ifaac 
Newton  demonflrated  that  the  equatorial  diameter 
is  about  -rio-  greater  than  the  polar  diameter. 

Under  the  equator,  bodies,  are  carried  round 
with  a  velocity  of  1040  miles  in  an  hour. 

This  is  farther  illuflrated  by  the  appearance  of 
Jupiter,  which  being  a  much  larger  planet  than 
our  earth,  and  its  diurnal  revolution  being  per- 
formed in  lefs  time,  is  neceffarily  a  more  oblate 
fpheroid,  or  more  refembling  an  orange. 

This  was  accurately  afcertained  from  telefcopic 

admieafurement  by  Mr.  Pound,    who  found  that 
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the  equatorial  diameter  of  Jupiter  is  ^V  longer 
than  the  polar  diameter. 

Caflini  depending  on  fome  inaccurate  meafures 
of  Picard,  of  the  meridian  from  Paris  to  the  Py- 
renean  Mountains,  endeavoured  to  prove  the  earch 
was  an  oblong  fpheroid,  or  like  an  egg ;  whofe 
polar  axis  exceeds  the  equatorial  diameter  by  34 
leagues. 

As  thefe  admeafurcments  u'ere  made  by  a  10 
foot  fedlor,  where  the  200th  part  of  an  inch  an- 
fvvers  to  8  feconds  of  a  degree,  the  error  of  a  fm- 
gle  fecond  would  be  equal  to   130  fathoms. 

To  determine  this  difpute,  Louis  XIV.  at  the 
requeft  of  his  minifler  Colbert,  fent  Bongouer, 
Condamine,  Don  Ulloa  to  South  America,  Mau- 
pertuis,  &c.  to  Lapland;  they  afcertained  the 
meafures  of  a  degree  as  follows : 

Under  the  Line     56,753  toifes 
45  deg.  lat.     -      57,028 
Paris  49  deg.  lat.  57,069 
51  &  52  deg.  lat.  57,Toa 
Lapland     -     -      57,422 

A  French  toife  being  equal  to  6,408  Englifh 
feet. 

When  on  any  meridian  line  the  altitude  of  the 
Pole  is  obfcrved  proceeding  Northwards  till  the 

elevation 
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elevation  is  one  degree  more,  or  Southward  till 
the  height  is  one  degree  lefs,  the  diftance  between 
thefe  two  places  is  eaiily  afcertained  by  Trigono- 
metry when  the  fundamental  baje  is  known. 


CENTRIPETAL  POWER,  or  GRAVI- 
TATION, 

Is  the  tendency  of  matter,  with  refpecl  to  ter- 
reftrial  beings,  to  the  centre  of  the  earth. 

Copernicus  regarded  it  as  an  appeteniia  that 
the  Creator  had  imprefled  on  all  kinds  of  matter. 
Tycho  Brahe,  and  his  pupil  Kepler,  had  fome  im- 
perfe(ffc  theories. 

The  caufe  of  gravity  is  ftill  involved  in  impe- 
netrable darknefs.  Dr.  Halley  refers  it  to  the  im- 
mediate agency  of  the  Creator.  Mr.  Cotes  deems 
it  effential  to  matter,  like  extenlion  and  mobility. 
Newton  attributes  it  to  fome  imdifcovered  and 
invifible  mechanical  affection  of  matter,  and  ra- 
ther fuppofes  the  exiftence  of  fome  kind  of  aether, 
rarer  within  the  denfe  bodies  of  the  fun  and  pla- 
jiets,  than  in  empty  fpace.  i 

It  is  difficult  to  conceive  a  fluid  fubtle  enough  to 

penetrate  the  inmoft  recefles  of  Senfe  bodies,  and 

H  2  f o 


(     9<5     ) 

fo  rare  as  not  to  impede  their  motions,  fhould  yet 
be  deemed  capable  of  communicating  motion. 

Fluids  prefs  according  to  the  furface  expofed, 
■while  gravity  is  always  in  proportion  to  the  quan- 
tity of  matter. 

To  afcertain  whether  fuch  a  power  as  gravita- 
tion exifted,  Bougouer  in  1738,  when  at  Peru, 
tried  the  largeft  of  the  Andes,  whofe  bulk  to 
the  earth  was  as  1  to  2000,  there  was  no  coinci- 
dence. 

Dr.  Mafkelyne  more  accurately  tried  this  on  the 
mountain  Schehallien,  in  Perth fliire,  and  which 
confidcrably  more  influenced  the  vertical  poiition 
of  the  plumb-line. 

May  not  gravitation  be  the  mechanical  efFed: 
of  the  motion  of  the  earth  in  its  orbit?  all  terref- 
trial  bodids  participating  of  the  fame  impulfe, 
would  hence  have  a  tendency  to  pcrfevere  in  this 
motion,  according  to  the  quantities  of  matter* 

Upon  the  fame  principle  may  be  explained  the 
different  weights  of  the  fame  body  in  different  la-^ 
titudes. 

The  earth  in  its  orbit  moves  at  the  rate  of 
1,600,000  miles  in  a  day,  while  it  has  a  contrary 
motion  round  its  axis  from  Welt  to  Ead. 

The  portion  of  earth  near  to  the  Line  moves 
about  1040  miles  every  hour.  In  the  latitude  of 
England,  the  motion  of  bodies  is  not  more  than 

6go 
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6oo  miles.     At  the  poles  of  the  earth  there  is  no 
counterading  motion. 

From  this  it  would  appear  that  a  body  weigh- 
ing 70  pound  at  the  Poles,  would  weigh  a  little 
more  than  69  pound  and  a  half  in  England,  and 
69  pound  under  the  Line. 

So  that  a  body  weighing  200  pound  in  Eng- 
land, would  lofe  near  one  pound  when  under  the 
Line. 

This  circumftance  nearly  coincides  with  expe- 
rience, as  Mr.  Richer  obferved  at  Cayenne,  from 
the  tranfits  of  the  fixed  ftars  over  the  meridian, 
that  his  clock  loft  two  minutes,  twenty-eight  fe- 
conds  per  day,  and  hence  it  was  neceflary  to  Ihort- 
en  the  pendulum  one  line  and  a  quarter. 
•  Four  or  five  years  after.  Dr.  Halley  obferved 
the  fame  at  St.  Helena,  and  remarked  that  the  in- 
creafe  of  temperature  would  only  have  expanded 
the  pendulum  as  to  have  required  the  70th  part  of 
an  inch,  while  the  diminution  of  gravity  obliged 
him  to  fhorten  it  the  7th  of  an  inch,  or  ten  times 
morcr 
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Of  THE  DESCENT  OF  BODIES. 

When  a  body  near  the  furface  of  the  earth  is 
left  to  itfelf,  it  falls  towards  the  centre  of  the  earth 
with  an  accelerated  force. 

Galilceo  firft  explained  this,  and  demonftrated 
that  this  incrcafed  as  the  fquares  of  the  times  of 
defcent- 

Newton  afcertained,  by  letting  a  heavy  body 
fall  from  the  dome  of  St.  Paul's,  that  it  pafled 
through  1 6  feet  and  one  inch,  in  a  fecond  of 
time. 

A  body  at  the  end  of  its  fall  in  one  fecond,  if 
continued  on  with  the  velocity  it  acquires  in  the 
laft  inftant  of  time  (fuppofing  a  fecond  divided 
into  a  number  of  inftants)  would  defcribe  double 
fpace,  as  the  gravitating  power  flill  continues,  being 
added  to  it,  will  make  the  defcent  in  the  fecond 
moment  48  feet  and  a  quarter,  and  nearly  80  feet 
and  a  half  in  the  third,  &c. 

This  impulfe  ading  with  gravitation,  occafions 
the  proportionate  acceleration  in  the  arithmetical 
ratio  of  I,  3,  5,  7,  9,   n,  &c. 

A  heavy  body  falling  in  the  firft  moment  will 
be  1 6  feet  and  a  half,  in  the  fecond  moment  three 

times 
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times  this  number  of  feet,  in  the  third  moment 
five  times,  &c. 

Five  times  added  to  three  and  one  make  the 
fum  of  nine;  by  multiplying  this  by  i6  feet  and  a 
half,  will  exprefs  the  fpace  it  has  gone  thiough  at 
the  end  of  three  feconds ;  as  the  fquare  root  of  nine 
is  three,  the  fpaces  gone  through  will  be  as  the 
fquares  of  the  times. 

The  percufUve  force  of  falling  bodies  may  thus 
be  afcertained.  One  pound  weight  falling  from 
the  height  of  one  foot,  acquired  a  momentum  at 
the  end  of  its  fall  equal  to  three  pounds,  at  four 
feet  fix  times,  fixteen  feet  twelve  times,  thirty-fix 
feet  eighteen  times. 

Thus  500  pound  falling  from  the  height  of  fix- 
teen feet,  would  acquire  a  momentum  at  the  end 
of  its  fall  equal  to  three  ton  weight. 

As  the  fame  time  is  nearly  expended  in  the  af- 
cent  as  in  the  defcent  of  bodies,  by  obferving  the 
time  elapfed  between  its  being  thrown  up  and  its 
return,  may  afcertain  the  height.  Thus  alfo  the 
depth  of  a  well  or  pit  may  be  known,  by  letting 
a  ftone  fall. 

All  bodies  -whatfoever  fall  with  equal  velocity, 
provided  they  pafs  not  through  a  refifl:ing  me- 
dium. 
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CENTRE  OF  GRAVITY. 


In  every  body  there  is  a  certain  point,  which  if 
fufpended,  all  the  reft  are  kept  in  equilibrio ;  this 
point  is  called  the  Centre  of  Gravity. 

Aline  drawn  from  this  point  towards  the  centre 
of  the  earth,  is  called  the  Line  of  Diredion.  In 
this  line  all  bodies  will  defcend  with  equal  velo- 
city. 

When  inclined  bodies  are  fet  upon  an  horizon- 
tal plane,  they  will  fall  the  way  they  incline,  if  the 
Line  ot  Diredion  does  not  fall  within  the  bafe. 
When  it  does  fall  within  the  bafe,  they  may  be 
confiderably  inclined,  and  yet  fupported ;  as  is 
the  cale  of  the  inclined  tower  at  Bologna. 

Exp.  I.  Double  cone  rolls  upwards,  whtn  the 
elevation  does  not  exceed  the  radius  of  the  bafe. 

Exp.  2.  The  truncated  cone  for  railing  water 
fron'  great  depths,  and  emptying  it  in  troughs, 

Exp.  3.     Bucket  of  water. 

Exp.  4.     Stick  broke  on  two  glalTes. 

Exp.  5,     Inclined  cylinder. 


PEN- 
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PENDULUM. 


Any  body  hanging  from  a  point  is  called  a  Pen- 
dulum 

Galilaeo,  fronrv  obferving  the  fvvinging  of  his 
lamp,  firft  remarked,  that  the  vibrations,  whether 
flow  or  quick,  were  performed  m  equal  times ; 
and  hence  thought  it  might  be  made  ufe  of  as  a 
meafurer  of  time. 

Huy:  ;cns  was  the  firft  who  applied  it  to  clocks. 

A  Pendulum  39  inches  and  two-tenths  vibrates 
once  in  a  fecond  j  to  vibrate  once  m  two  feconds, 
it  muft  be  159  inches,  or  four  times  as  long;  fo 
that  the  lengths  will  be  as  the  fquares  of  the 
times. 

As  Pendulums  are  fubjedl  to  changes  in  the 
fame  latitudes,  from  diverfities  of  temperature, 
when  expanded  in  fummer  will  move  flower ;  to 
remedy  this  there  is  a  fcrew  placed  at  the  bottom 
of  the  Pendulum,  called  a  regulating  bob,  in  order 
to  adjuft  it. 

To  redify  this,  various  fchemes  have  been  a- 
dopted  ;  metals  expandmg  in  contrary  directions, 
in  order  to  counteract  each  other,  united  in  the 

form 
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form  of  a  gridiron,  others  made  of  glafs  filled  with 
mercury. 

The  length  is  .taken  from  the  fufpended  point 
to  the  centre  of  ofcillation,  the  heavier  the  bottom 
part  of  the  Pendulum  is  the  more  accurate. 


MECHANICS. 

Every  thing  is  called  a  power  which  is  capa- 
ble of  adling  upon  a  body,  and  every  power  which 
can  thus  a(5l  upon  matter  is  fuppofed  to  be  mate- 
rial, without  regarding  any  abftrufe  fpeculations 
refpeifling  its  nature. 

The  mechanical  powers  are  generally  reduced 
to  fix :  the  Lever,  Wheel  and  Axle,  the  Pulley, 
the  inclined  Plane,  the  Screw  and  Wedge.  To 
thefe  a  feventh  maybe  added,  as  one.  whofe  me- 
chanical advantage  is  extenfive,  and  which  cannot 
be  reduced  to  any  of  thefe,  viz.  the  Spring. 

I.  The  LEVER. — Of  thefe  there  are  three  fpe- 
cies  :  firrt,  when  the  prefs  lies  between  the  weight 
and  power ;  as  fciflars,  pincers,  fnufFers,  hamnrter, 
crow,  &c.  Second  fpecies,  is  when  the  weight  is 
betv/een  the  fulcrum  and  the  power,  as  oars,  doors, 
two  men  carrying  a  load  upon  a  flick,  &c.  Third 
fpecies,  is  when  the  power  is  between  the  weight 

and 
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and  the  fulcrum,  as  in  rearing  a  ladder,  fo  all  the 
mufcles  of  the  human  body.  In  all  thefe  the 
power  is  to  the  weight  inveriely,  as  their  diftances 
from  the  fulcrum. 

OBLIQUE  LEVERS. — Thefe  are  adopted 
when  the  motions  cannot  be  direct ly  applied  in  the 
direction  of  the  motion  required,  fuch  as  wind- 
mills where  the  air  ads  in  an  oblique  diredion ; 
fo  in  water-mills,  in  pumps  of  all  kinds  where  the 
crank  is  applied  ;  in  thefe  cafes  part  of  the  real 
power  muft  be  applied  to  no  efficient  purpofe^ 
and  the  remainder  only  becomes  the  real  motive 
force. 

COMPOUND  LEVER.— If  the  Levers  are  of 
«qual  power,  whatever  number  there  are  com- 
bined, the  united  powers  will  be  as  the  power  of 
one  Lever,  whofe  index  is  the  number  of  Levers. 

This  is  faid  to  be  the  conftrudion  of  a  machine 
of  Archimedes :  on  this  principle  depends  the 
weighing  machines. 

Second  Mechanical  Power,  the  WHEEL  and 
AXLE.  In  this  the  power  is  to  the  weight,  as  the 
diameter  of  the  Axle  is  to  the  diameter  of  the 
Vv^heel.  If  there  are  feveral  Wheels  fo  conftructed 
that  the  circumference  of  one  ads  upon  the  Axis 
of  the  other,  the  power  is  to  the  weight  as  the  fum 
of  the  diameters  of  the  Axles  is  to  the  fum  of  the 
diameters  of  all  the  Wheels. 

Thus 
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Thus  in  a  watch,  as  the  main  fpring  unbends, 
the  chain  is  proportionably  removed  from  the  Axis 
of  the  fufec  Wheel.  In  order  to  preferve  a  regu- 
lar movement,  the  fufee  is  formed  of  that  curve 
called  the  logarithmic  curve,  which  correfponds 
to  the  progreffive  decreafe  of  elafticity. 

III.  INCLINED  PLANE.—Power  is  to  the 
weight,  as  the  height  of  the  Plane  is  to  the  length 
of  its  bafe, 

IV.  The  PULLEY.— In  a  fixed  Pulley,  the 
power  is  equal  to  the  weight.  In  this  no  mecha-. 
nical  advantage,  except  the  conveniency  of  alter- 
ing the  diredion  in  which  the  power  is  applied. 
If  the  fame  firing  go  round  two  fets  of  Pullies  in 
two  blocks,  the  power  is  to  the  weight  as  unity 
is  to  the  number  of  firings  at  the  lower  block. 
In  this  the  lower  block  is  added  to  the  weight. 
Ifeach  Pulley  have  a  feparate  firing  fixed  to  fome- 
thing  immovable  above,  the  power  is  to  the  weighty 
as  unity  is  to  that  power  of  two,  whofe  index  is 
the  number  of  moveable  Pullies.  Here  all  th? 
moveable  Pullies  co  operate  with  the  weight, 

Mr.  "White's  Pullies  confifl  of  two,  each  having 
many  concentric  grooves,  whofe  diameters  are  in 
the  ratio  of  their  velocities :  hence  their  revolutions 
are  made  in  the  fame  time,  well  calculated  for  de- 
frroying  that  Ihaking  motion  experienced  in  blocks 

of 
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of  Pullies,  from  one  Pulley  moving  fo  much  quickef 
than  another. 

V.  SCREW. — The  power  is  to  the  weight,  as 
the  diflance  between  any  two  contiguous  threads  is 
to  the  circumference  defcribed  by  the  power. 

The  Screw  is  the  ftrongelt  of  all  the  mechani- 
cal powers ;  the  great  difparity  between  the  velo- 
city of  the  hand  and  that  of  the  threads  of  the 
Screw,  renders  it  very  proper  for  dividing  fpace 
into  a  great  number  of  parts ;  hence  well  calcu- 
lated for  the  nice  adjuftment  of  microfcopes,  te- 
lefcopcs,  &c. 

VI.  WEDGE. — Hamilton,  Defaguliers,  Emer- 
fon,  Mufchenbroek,  and  Gravefand  affert,  that 
the  power  is  to  the  refinance  as  one  half  the  back 
is  to  the  height ;  whilft  Keil,  Whillon,  and  Ni- 
cholfon  allign  this  ratio  to  be  that  of  the  whole 
back  to  the  height.  In  both  thefe  cafes  it  is  fup- 
pofed  the  power  adls  parallel  to  the  bafe. 

Experience  does  not  coincide  with  theory.  Ap- 
ply a  ton  weight  upon  a  Wedge  and  it  will  not  pe- 
netrate, whilft  the  impulfe  of  a  child  will  make  it 
enter.  The  impulfe  excites  a  vibratory  motion  in 
the  conftituent  parts  of  the  body,  and  in  the  in- 
flant  of  relaxation  the  Wedge  enters ;  while  in  the 
fucceffive  inflant  the  conftituent  particles  meeting 
thus  with  a  refillance  to  their  re-adlion,  exerts  a 
force  which  tends  to  further  feparation. 

Seventh 
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Seventh  Mechanical  Power,  the  SPRING.— 
From  this,  great  mechanical  advantage  is  derived 
in  variety  of  inftruments,  particularly  in  carriages. 
Thus  in  the  rough  roads  of  Chefhire,  a  pair  of 
horfes  can  draw  a  carriage  upon  Springs  better  than 
four  horfes  could  without.  Springs  in  this  cafe 
accumulate  a  kind  of  motion,  which  facilitates  the 
progreflive  one  fimilar  to  flys,  and  vibrating  ba- 
lances vi'hich  in  clock-work  accumulate  the  fuper- 
fluous  power,  and  impart  it  occafionally  to  equa- 
lize the  motion. 


FRICTION. 

In  proportion  to  the  quantities  of  matter,  and 
not  the  furfaces.  The  dodlrine  of  Fridion,  Wheel, 
&c. 


OPTICS. 


Rays  of  Light  proceed  from  luminous  bodies 
in  right  lines  and  in  all  diredlions. 

Whether  Light  is  univerfally  diffufed,  or  ema- 
nates from  the  Sun,  is  a  fubjed  much  controvert- 
ed 
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cd  by  philofophers.  Des  Cartes,  Huygcns,  Eu- 
ler.  Dr.  Franklin,  and  many  others,  have  fup- 
pofed  Light  is  univerfally  diffufed,  while  Roemer, 
Newton,  and  the  generality  of  philofophers  deem 
the  Sun  the  fource  of  this  fluid. 

If  Light  were  univerfally  diffufed,  the  fame  ef- 
fedls  do  not  take  place  from  an  impreffion  as  in 
other  diffufed  fluids,  "  Preflio  non  propagatur 
per  fluidum  fecundum  Lineas  redas,  nifi  ubi  par- 
ticulae  fluidi  in  directum  jacent." 

Roemer  has  afcertained  from  the  eclipfes  of  the 
Jovial  Satellites,  that  Light  is  progreflive  in  its 
motion ;  that  it  required  eight  minutes  and  a  few 
feconds  to  pafs  from  the  Sun  to  the  Earth.  Thefc 
obfervations  have  received  additional  confirmation 
from  their  coincidence  with  the  celebrated  difco- 
very  of  Dr.  Bradley,  refpeding  the  aberration  of 
the  ftars.     Light  is  material. 

Although  objedlions  may  be  made  to  thefe  ex- 
periments, which  have  been  brought  forwards  as 
proofs  of  the  momentum  of  Light,  as  the  agitation 
of  afbeflos,  feathers  ;  delicate  brafs  vanes,  fufpend- 
cd  on  harpiichord  wire,  being  thrown  into  motion; 
yet  the  evident  effedls  produced  by  its  combination 
with  many  bodies,  are  great  proofs  of  its  materia- 
lity. 

Franklin  fuppofed  that  any  particle  of  matter, 
however  fmall,  moving  with  a  velocity  of  noir 
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200,000  miles  in  a  fecond  of  time,  that  its  mo- 
mentum would  be  equal  to  a  24  pounder  difcharged 
from  a  cannon. 

If  we  fuppofe  a  luminous  particle,  equal  in  bulk 
to  the  minuteft  portion  of  volatile  effluvia,  which 
can  be  calculated,  the  force  of  motion  in  each  par- 
ticle would  be  infinitely  inferior  to  the  momentum 
of  the  gentleft  dew. 

Light  is  a  fluid  fui  generis.  Bodies  may  be 
heated  from  540  degrees  down  to  60  degrees  with- 
out exciting  any  fenfible  illumination ;  while  on 
the  contrary,  we  fee  Light  from  the  flow  phofpho- 
refcent  combufl:ion  of  the  lanthorn-fly  and  the 
glow-worm. 

Fire  is  diffufible  equal,  and  penetrates  all  bo- 
dies without  exception,  while  Light  only  produces 
fenfible  eff'eds  on  opaque  matter.  Fire,  unlefs 
very  intenfe,  produces  no  change  in  the  colourlefs 
nitrous  acid,  while  Light  gives  it  another  tinge, 
and  renders  it  fuming. 

Light  blackens  the  oxyds  of  filver,  mercury, 
and  bifmuth,  whitens  the  fulphurated  calx  of  an- 
timony, gives  the  purple  colours  to  the  juice  of 
the  murex,  the  violet  to  the  decodion  of  archil 
and  trefoil. 

Animals  confined  in  obfcurity  become  white, 
from  the  Ardic  bear  to  the  larvae  of  the  minuteft 
infedl :  the  tree  frog,  brought  from  its  dark  recefs, 

changes 


changes  from  a  dirry  yellow  to  a  dark  green.  The 
infant  negro  and  native  American  are  fairer  than 
their  parents  ;  and  their  change  of  colour  is  attri- 
buted, by  Dr.  Bancroft,  to  a  combination  of  Light 
with  their  reticular  membrane. 

The  French  chymids,  from  not  finding  any  vo- 
latile alkali  or  phofphoric  falts  in  foetal  fluids, 
have  hence  fuppofed  Light  to  be  a  neceffary  in- 
gredient in  thefe  falts. 

Thus  the  human  fpecies  become  pale  from  con- 
finement, and  Girtanner  has  found  that  pale  ani- 
mals and  white  plants  are  peculiarly  weak. 

Sometimes  there  appear  exceptions  to  this,  as 
various  plants  and  molfes,  as  the  poa  annua  et  com- 
prejfay  plantago  lanceolata^  tripolium  anuenje^  cheir- 
anthus  cheiri.  Lichen  vertrillatus  are  of  a  green 
colour,  though  growing  in  the  galleries  of  mines. 
But  Sennebier,  Ingenhoufz,  Rozier,  &c.  attribute 
this  to  the  azotic  and  inflammable  air;  that  the 
latter  contains  a  quantity  of  Light,  when  inflamma- 
ble air  is  joined  with  pure  air,  increafe  the  green 
colour. 

Tellier  has  remarked  that  potatoes,  when  guard- 
ed from  Light,  mix  their  roots  and  young  branches 
jndifcriminately. 

Plants,  when  expofed  to  Light,  fccrete  pure 
air  ;  in  the  night  time  they  evolve  impure  air. 

I      ,  The 
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The  efted  of  Light  in  crydallization  is  very  evi- 
dent, the  cryftals  are  better  formed  ;  in  this  cafe  it 
appears  to  difengage  the  eledricity  of  the  cryftal, 
and  thus  influencing  the  arrangement. 

The  heliotropii,  and  many  of  the  fun -flower 
clafs,  turn  with  the  Sun,  and  move  with  that  hjmi- 
nary  ;  when  he  is  depreffed  below  the  horizon,  the 
flowers  clofe  their  leaves,  and  fall  into  a  vegetable 
fleep. 

The  diamond  and  many  other  gems  have  the  pro- 
perty of  abforbing  Light,  and  of  giving  it  out  in 
the  dark. 


REFRACTION. 


Every  phyfical  point  of  a  luminous  object,  has 
rays  of  Light  proceeding  from  it  in  every  direc- 
tion; when  theferays  enter  into  any  medium  ob- 
liquely to  the  plane,  their  redlilinear  courfe  is 
changed,  and  bend  from  the  right  line  in  that  point 
U'here  they  enter  the  different  medium. 

In  thofe  tranfparent  fubftances,  which  are  not 
inflammable,  this  refradion  is  nearly  in  the  propor- 
tion of  their  fpecific  gravities. 

When 
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When  a  ray  of  light  enters  into  a  denfer  medium, 
it  becomes  refracfled  towards  the  perpendicular ; 
when  into  a  rarer,  the  oppofite. 

Thofe  tranfparent  fubftances  which  are  inflam- 
mable, a  ray  of  Light  in  its  paffage  through  them 
fuffers  a  greater  refraiflion  than  in  the  ratio  of  their 
denfities. 

Thus  in  our  atmofphere,  confifting  of  infinite 
aerial  ftrata  of  different  progrefiive  media,  a  folar 
ray  meets  w  ith  a  continual  refraction  towards  the 
perpendicular,  and  confequently  defcribes  a  con- 
vilinear  line. 

In  the  fame  medium,  however  the  rays  of  Light 
may  vary  in  their  obliquity,  the  refrad:ed  ray  bears 
univerfally  the  fame  proportion  to  the  incident 
ray. 

A  ray  of  Light  pafling  out  of  air  into  w^ater, 
Avhen  refracted  the  ray  approaches  the  perpendicu- 
lar in  the  proportion  of  three  to  four,  out  of  air  in- 
to glafs  as  three  to  two. 

This  proportion  always  holds  good,  whatever 
may  be  the  form  of  the  medium. 

When  a  glafs  is  a  plane  furface,  one  perpendicu- 
lar to  any  one  part  will  be  parallel  to  a  perpendicu- 
lar to  any  other. 

When  any  other  figure,  this  varies,  and  the  per- 
pendicular muft  be  taken  from  that  point  of  the 
curve  where  the  ray  enters. 

I    2  If 
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If  this  curve  is  regular,  having  one  and  the  fame 
centre,  the  refrad:ions  in  every  part  will  fo  take 
place  with  the  fame  degree  of  inclinations  towards 
the  axis  of  the  lens,  as  to  unite  in  one  and  the  fame 
point. 

As  the  perpendicular  line  to  any  point  is  always 
drawn  from  the  centre  of  the  curve  through  that 
point,  the  more  convex  the  lens,  the  lefs  diftance 
there  mu ft  be  between  the  circumference  and  the 
centre,  and  confequently  the  refraded  ray  muft 
unite  fooner  in  the  axis. 

The  point  where  all  the  rays  unite,  is  called  the 
focus.  A  burning  lens  muft  be  convex,  all  the 
Light  which  is  thrown  upon  its  furface  is  con- 
dcnfed  into  a  fm.all  circular  fpace  ;  the  united  rays 
produce  effects  in  proportion  to  the  extent  of  fur- 
face.  This  point  varies  according  to  the  diftance 
of  the  object  from  which  the  rays  of  light  are  e- 
volved. 

Hence  it  is  very  eafy  to  calculate  the  focus,  when 
tliere  are  given  the  diftance  of  the  objed,  the  re- 
frading  power  of  the  medium,  and  the  radius  of 
the  curve. 

If  a  glafs  lens  be  very  large,  by  meafuring  the 
thicknefs  of  the  edges  and  of  the  middle,  the  focal 
length  is  eafily  afcertained.  It  will  be  as  the  diffe- 
rence between  the  thickneffcs  of  the  middle  and  of 
the  edge,  is  to  half  the   breadth,  fo  is  half  the 

breadth 
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breadth  to  the  focal  length.  Ifaglafs  fphcre,  the 
focus  will  be  ^  of  its  diameter  diftant  from  the 
vertex.  In  a  planoconvex,  the  focus  will  be  -}  of 
its  thicknefs  nearer  when  the  rays  fall  on  the  con- 
vex lidc,  than  when  they  fall  on  the  plane  lidc. 
In  a  very  thin  glafs  lens,  half  the  breadth  is  a 
mean  proportional  betwixt  its  thicknefs  and  focal 
length. 

When  an  objedt  is  placed  before  a  double  con- 
vex lens  at  any  diftance  greater  than  the  radius  of 
the  fphere,  the  image  will  be  inverted. 


CONCAVE       LENS. 

As  convex  glafles  caufe  the  rays  of  Light  to 
converge  and  unite,  fo  thofe  which  are  concave 
make  them  feparate  and  diverge. 

As  concave  glaffes  do  not  colled:  the  rays,  they 
have  not  a  real  focus,  as  the  rays  after  they  have 
paffed  through  fuch  glalTes  do  flow  in  fuch  a  man- 
ner as  that  they  either  tend  to  feme  point  behind 
the  glafs,  or  appear  to  flow  from  fome  point  be- 
fore it ;  thefe  points  are  ufually  called  the  foci. 

If  rays  which  are  converging  towards  a  focus  be 

interrupted    by  a    concave    lens,    vhofe  diftance 

I  3  from 
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from  the  focus  is  equal  to  the  radius  of  its  con- 
cavity^ after  they  have  palled  through  the  glafs 
they  vt'ili  ceafe  to  converge  and  become  parallel. 


C  ATOP  TRICKS. 

A  RAY  of  Light  falling  on  a  mirror  is  reflected- 
in^,a»«-angle  equal  to  the  incident  one. 

If  an  obje(5l  be  placed  before  a  concave  fpeculum 
at  an  infinite  diftance,  the  image  will  appear  on  the 
fame  lide  of  the  fpeculum  as  the  objed:.  This  is 
called  its  focus,  m  hen  converging  the  parallel  rays 
of  the  Sun.  As  the  object  approaches  the  fpecu- 
lum, the  image  recedes ;  and  when  fo  near  as  to 
be  at  the  centre,  both  will  coincide  ;  as  the  object 
paffes  the  centre  towards  the  glafs,  the  image  is 
projecfled  towards  the  centre;  and  when  but  half 
the  radius  difiant,  the  image  is  at  an  infinite  dif- 
tance,  or  proceed  parallel,  and  the  fpeculum  will 
feem  to  be  in  flames ;  when  the  diftance  is  lefs  than 
half  the  radius,  the  image  appears  behind  the  fpe- 
culum. 


CONVEX 
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CONVEX     SPECULUM. 

The  pofitioii  of  images  feen  by  reliecflion  always 
appear  eredi,  the  feveral  parts  of  the  image  have 
the  fame  fituation  with  the  corrcfpoiiding  parts  of 
the  objedlj  and  of  confequence  the  image  appears 

ered. 


COLOURS. 

Rays  of  Light  have  hitherto  been  confidered  as  ^ 
undergoing  no  change  from  refraction.  Newton 
has  fhewn  that  a  ray  of  Light  confifls  of  different 
portions,  which  differ  in  degrees  of  refrangibihty, 
which  portions  pofTefs  colours  lafting  and  perma- 
nent, fo  as  not  to  be  changed  either  by  refradlion 
or  refiediion. 

When  a  ray  of  Light  paffes  through  a  glafs 
prifm,  that  portion  which  is  the  leaft  refracted 
will  be  red,  the  next  orange,  yellow,  green,  blue, 
purple,  and  violet. 

It  is  owing  to  this  that  no  convex  glafs  can  con- 
verge rays  of  Light  to  a  fimilar  point  from  which 
they  originated,  but  forms  a  circle  of  fome  aberra- 
tions, 

I  4  Owing 
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Owing  to  thefe  different  refradlions  they  cannot 
uli  unite  in  the  fame  point  of  the  axis,  but  will 
form  a  circle  of  certain  dimenlions. 

This  deviation  from  a  point  is  called  the  aberra- 
tion. The  fpace  is  -^V  part  of  the  furface  through 
which  the  rays  of  Light  have  flowed.  Thefe  a- 
berrations  are  divided  into  two,  viz.  the  longitu- 
dinal and  lateral  aberrations. 

The  refractive  qualities  of  different  kinds  of 
glaffes,  with  refpedt  to  the  divergency  of  colours, 
aie  not  in  the  fame  degree  of  ratio. 

This  property  was  firft  afcertained  by  Mr.  Dol- 
lond,  who  found  that  white  flint  glafs  difpcrfed 
the  rays,  after  refraiflion,  one-third  more  than 
crov-  n  glafs. 

Two  wedges  of  glafs,  one  of  flint  of  twenty  de- 
grees, and  the  other  of  crown  of  thirty  degrees,  the 
Light  would  be  refrad:ed  but  not  coloured. 

By  combining  in  this  proportion  a  convex  glafs 
of  crown,  and  a  concave  one  of  flint,  there  would 
be  a  refraction  without  any  colouring ;  as  the  ex- 
ccfs  of  refradlion  is  in  the  convex,  the  rays  of  Light 
would  be  converging. 


RAIN- 
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RAINBOW. 


Aristotle  knew  it  was  produced  by  watery 
drops  ;  he  thought  a  fingle  particle  was  too  fmall 
to  refiecl:  the  whole  image  of  the  Sun  :  hence,  he 
fays,  the  coloui  is  only  exhibited,  and  noi  its 
proper  figure. 

Seneca  and  Vitellio  fuppofed  the  colours  of 
the  Rainbow  to  be  three,  and  produced  by  a 
mixture  of  the  brightnefs  of  the  Sun's  Light  with 
the  blacknefs  of  the  cloud  from  which  it  is  re- 
flccled.  Porta  thought  the  Rainbow  produced 
by  the  refraction  of  Light  in  the  whole  body  of 
Rain  or  Vapours,  but  not  in  the  feparate  drops. 

In  157 1,  Fletcher  of  Breflaw,  endeavoured  to 
account  for  thefe  colours,  by  means  of  a  double 
refradlion  and  one  refledlion  ;  he  did  not  ima- 
gine that  thefe  circumftances  took  place  in  one 
drop,  that  it  fuffered  a  refradlion  at  its  entrance 
and  at  its  exit,  and  was  afterwards  reflcdlcd  by 
another  drop  before  it  reached  the  eye. 

In  1611,  Antonio  de  Dominis,  a  bifnop,  firft 
advanced  that  the  double  refradion  of  Fletcher 
with  m  intervening  refledion,  were  fufficient  to 

produce 
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produce  the  colour  of  the  Bow,  and  to  bring  them 
to  the  eye  of  the  fpecftator. 

Not  knowing  the  different  refrangibility  of  the 
coloured  rays,  he  endeavoured  to  explain  thefe 
colours  by  fuppoling  the  red  rays  had  traverfed 
the  leaft  fpace  in  the  infide  of  a  drop  of  water, 
and  therefore  retained  more  of  their  native  force, 
and  produced  a  llronger  fenfation  :  he  had  alfo 
obferved  that  one  drop  fends  one  colour  to  the 
eye,  another  drop  another  colour,  as  the  eye  was 
not  wide  enough  to  receive  rays  of  all  colours 
from  the  fame  drop. 

As  all  the  rays  of  fimilar  colours  mull:  leave 
the  drop  of  water  in  a  part  fimilarly  lituated  with 
refped:  to  the  eyej  hence  each  of  the  colours  mult 
appear  circular. 

The  external  Bow  he  imagined  was  formed  by 
the  higher  part  of  the  Sun's  djfc,  and  the  interior 
Bow  by  the  lower  part. 

Des  Cartes  fhewed  the  outer  Bow  was  pro^ 
duced  by  two  refledions  and  two  refradions  in 
the  fame  drop  of  water. 

Newton,  after  afcertaining  the  refrangibility  of 
the  coloured  rays,  applied  his  reafoning  to  the 
explication  of  thefe  phasnomena. 

The  mofl  refrangible  rays  form  an  angle  with 
the  Sun  and  the  eye,  of  40  deg.  17  min.  and  the 
lead  refrangible  rays  of  42  deg.  2  min.  in  order 

to 
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to  conflitute  the  lower  Bow  ;  the  difference  will 
give  the  width  by  confidering  the  Sun  as  a  point, 
as  it  fubtends  an  angle  of  30  minutes,  this  muft 
be  added  to  it. 

In  the  fuperior  Bow  the  lead  refrangible  rays 
will  have  an  angle  of  50  deg.  51  min.  and  ihe 
moft  refrangible  54  deg.  7  mm.  As  thefe  angles 
are  reverfed,  the  colours  mult  bealfo  ;  and  hence 
the  diftance  between  the  Bows  will  be  8  deg.  49 
min. 

Sometimes  a  third  Rainbow  has  beenfeen.  Cel- 
iiusdefcrioes  one  larger  than  the  other  two,  and 
interfeclmg  them.  Mr.  Edwards  faw  one  fomc 
time  after  the  Sun  had  icz^ 

Halos  or  Corona,  are  luminous  circles  fur- 
rounding  the  Sun,  Moon,  and  PUmeu,  varying 
in  their  fize  or  extent.  Mufchenbroek  fays,  in 
Holland  fifty  may  be  feen  in  a  day.  Dcs  Cartes 
imagined  they  were  produced  by  the  refraction  of 
Light  m  round  particles  of  ice  floating  in  the  at- 
mofphere.  Galfendus  fuppofed  it  was  owing  to 
the  fame  caufc  as  Rainbows. 

Huygens  invented  a  laboured  hypotheiis, 
which  has  been  adopted  by  Newton  and  Smith, 
Thefe  fuppofed  there  were  in  the  atmofphere 
tranfparent  bodies  with  opaque  nuclei,  formed 
by  ice  without  and  fnovv  within, 

Halos 
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Halos  or  Coronas  we  may  form  at  pleafure,  hy 
placing  a  candle  in  the  midft  of  fome  fleam,  or 
beyond  a  receiver  during  the  procefs  of  exhauf- 
tion,  and  viewing  the  Light  through  the  cloudy 
precipitation. 


PARHELIA,  OR  MOCK  SUNS. 


Aristotle  mentions  two,  Scheiner  faw  four 
at  Rome  which  were  the  firfl:  that  excited  the  at- 
tention of  philofophers.  Mufchenbroek  faw  the 
fame  number  at  Utrecht,  and  in  1661  Hevelius 
faw  feven  at  Sedan  ;  their  apparent  fize,  equal  to 
the  true  Sun,  are  externally  tinged,  and  many  have 
a  fiery  tail.  Dr.  Halley  mentions  one  with  tails 
each  way. 

Sometimes  three  Suns  have  been  feen  in  the 
fame  vertical  circle,  well  defined,  and  touching 
one  another,  the  true  Sun  in  the  middle. 

In  1771,  Mr.  Baxter  at  Fort  Glouceller  in  A- 
merica,  on  January  2  2d,  the  frofi  fevere,  faw 
five ;  at  firft  he  obferved  a  large  circle  round  the 
Sun,  withtv;o  Parhelia  as  brilliant  as  the  original 
Sun  ;  a  little  more  than  one-third  from  the  hori- 

^  7  on 
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zon  to  the  zenith  a  beautiful  enlightened  circle  pa- 
rallel to  the  horizon,  which  went  quite  round,  till 
the  two  ends  met  in  the  circle  furrounding  the 
Sun  ;  direcftly  oppofite  to  the  Sun  a  luminous 
crofs,  and  in  its  interfeclions  a  Mock  Sun  ;  near 
the  zenith  was  a  beautiful  Rainbow,  with  its  con- 
vex lideoppofed  to  the  Sun. 

Thefe  ph^enomena  are  attributed  by  Dechales 
to  refled-ions  of  the  image  of  the  Sun,  from  clouds 
properly  figured  and  well  defined. 


PARASALENES 

Are  fimilar  phjenomena  refpeding  the  Moon. 

EYE. 

The  parts  of  the  Eye  neceffary  for  explaining 
the  manner  of  vifion  defcribed.  The  Cornea,  the 
Aqueous  Humour,  the  Iris  and  Pupil,  the  Cryf- 
taline  Lens,  its  furrounding  Capfule,  and  the 
Ciliary  Zone,  the  Vitreous  Humour,  the  Retina, 
Pigmentum,  Choroid  Coat,  and  the  Optic 
Nerve. 

A  ray  of  Light  coming  from  a  luminous  body, 
or  refleded  from  any  objed:,  falls  in  fuch  a  man- 
ner 
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fter  upon  the  Tunica  Cornea  of  the  Eye,  as  to 
form  a  fharp  cone  between  the  lucid  point  and 
the  membrane  on  which  they  are  fpread.  The 
Cornea,  by  being  fpherical,  admits  of  an  infinite 
number  of  perpendicular  rays,  vvhilfl:  if  it' had 
hQen  of  a  plane  furface,  could  only  have  admit- 
ted of  one,"  on  this  account  vilion  would  have 
been  much  limited,  for  rays  would  then  have  en- 
tered fo  obliquely,  inftead  of  being  refradled 
would  have  been  refiecfled. 

In  infects  who  are  deprived  of  motion  of  the 
head,  is  beautifully  reticulated,  each  portion  be- 
ing a  part  of  a  diftindl  fphere,  in  order  to  pro- 
duce a  quick  convergency  of  furrounding  rays. 
In  flies  it  is  eafy  to  count  three  thoufand  inter- 
liices.  Lewenhoek  imagined  they  were  fo  many 
diftinct  Eyes  ;  there  is  only  one  Cryftalline  Lens 
common  to  them  alL 

The  Cornea  itfelf  being  a  menifeus  glafs,  like 
all  media  of  a  curvilinear  nature  whofecorrefpond- 
ing  curves  are  concentric,  the  refradlion  in  the 
entrance  is  fo  correded  by  the  refraction  in  the 
exit,  as  to  render  the  emergent  ray  in  the  fame 
line  of  continuation  with  the  incident  one. 

As  between  the  Cornea  and  the  Iris  there  is 
interpofed  a  fluid  of  nearly  the  fame  denfity  with 
water,  this  renders  the  Cornea  a  plane  convex 

Lens, 
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Lens,  which  form  caufes  the  rays  to  converge 
after  their  entrance. 

The  Aqueous  Humour,  by  being  fluid,  allows 
of  a  free  and  eafy  motion  to  the  dilatation  and 
contraction  of  the  Pupil.  Filhes  have  a  very 
fmall  portion  of  this  fluid,  in  them  it  would  be 
ufelefs,  as  they  are  furrounded  by  an  equally 
dcnfe  m^cdium. 

The  rays  thus  gently  converging,  pafs  through 
the  perforation  of  the  Iris,  called  the  Pupil,  which 
in  all  animals  intended  to  fee  equally  every  way 
is  orbicular,  a  form  which  allows  of  the  tranf- 
miflion  of  the  greatefl:  quantity  of  Light  in  the 
leafl:  fpace.  In  the  Iris  of  a  greyhound,  the  two 
range  of  mufcular  fibres  are  very  vilible,  one  or- 
der radiated,  and  the  other  orbicular  concentric 
to  the  Pupil ;  the  former  by  contrading  dilate 
the  Pupil,  the  latter  diminifh  it. 

Thefe  fibres  are  exquifitely  fenfible,  and  pre™ 
ferve  the  Retina  from  being  too  much  injured,  by 
thus  regulating  the  intenfity  of  Light. 

It  is  by  this  we  diftinguifli  whether  a  cataradt 
or  opaque  cryflalline  be  combined  with  a  Gutta 
Serena ;  if  we  obferve  no  coincident  contraction  of 
the  Iris  of  the  difeafed  Eye  from  the  fympathi- 
fing  influence  of  the  other,  the  removal  of  the 
Cryfl-alline  would  then  afford  no  relief. 

If 
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If  this  librous  contratftion  were  in  the  propor- 
tion of  the  weakeft  Light  to  the  ftrongeft,  the 
degrees  of  contradlion  would  then  be  one  million 
of  times;  the  faint  glimmering  of  a  diftant  can- 
dle to  the  unclouded  rays  of  the  meridian  Sun  is 
as  I  to  T, 000,000. 

Some  animals  have  a  voluntary  power  over  the 
Pupil,  as  the  cat,  &c.  Dr.  Goddard  tells  us 
that  the  camelion  not  only  can  dilate  one  without 
contracting  the  other,  even  look  upwards  with 
one  Eye,  while  downwards  with  the  other. 

The  rays,  after  having  paffed  through  the  Pu- 
pil, enter  the  Cryftalline  Lens,  a  medium  of  a 
denfer  nature,  and  beautifully  formed  of  two  el- 
liptical convex  portions,  the  anterior  flatter  than 
the  pofterior,  compofed  of  concentric  Lamina, 
the  external  Lamina  being  of  a  foft  mucilaginous 
nature,  the  interior  more  compaLl,  till  atlaft  they 
form  a  fort  of  continued  Nucleus. 

The  fpecific  gravity  of  the  whole  Lens  is  lefs 
than  the  fpecific  gravity  of  the  Nucleus.  This 
different  denlity  of  the  conflituent  parts  is  admi- 
rably contrived  for  correding  the  aberration 
from  its  figure,  as  well  as  of  the  Cornea,  &c. 
The  rays  in  each  pencil  are  more  and  more  re- 
mote from  the  Axis,  by  palling  through  a  me- 
dium gradually  dimini(hing  in  denfity  from  the 
middle  towards  the  extremes,  have  their  foci  gra- 
dually 


(dually  lengthened,  which  coirecfts  the  aberrations 
of  the  figure,  that  fd  they  may  all  unite  nearer  to* 
gether* 

The  aberrations  ^riling  frohi  figure  of  a  frtiall 
Lens  is  inconfiderable  to  the  aberrations  caufed 
by  the  unequal  refrangibility  of  the  rays  of  Light. 

Euler  fuppofed  the  Eye  perfedly  achromatic, 
while  Dr.  Maflcelyne  has  attempted  to  calculate 
the  circle  of  aberrations  upon  the  Retina  to  be 
.002667  of  an  inch  ;  he  thinks  fohiefuch  aberra- 
tion necelTary  to  account  for  the  fenlible  diame- 
ters of  fome  of  the  fixed  Stars. 

The  rays,  after  pafling  through  the  Cryftalline 
enter  the  Vitreous  Humour,  which  being  nearly 
of  alimilar  denfity,  produces  no  alteration  in  the 
rcfra(5lion. 

Its  ufe  feems  principally  to  preferve  the  fphe- 
rical  form  of  the  Eye,  and  to  keep  the  Retina  at 
an  equal  diftance  from  the  Cryftalline* 

The  rays  of  Light  converge  in  the  very  points 
they  emerge  frohi  the  Vitreous,  which  is  imme- 
diately covered  by  the  expanlion  of  the  Optic 
Nervej  termed  the  Retina. 

The  Retina,  when  examined  by  a  high  magni- 
fying power^  appears  like  a  piece  of  plulh,  with 
the  ends  of  the"  threads  turned  towards  the  Cryf- 
talline* 

K  A  circle 
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'A  circle  facing  the  Eye,  fubtending  an  angle 
of  one  minute,  its  diameter  on  the  Retina  will  be 
y-/-^-^  of  an  inch,  fuppoling  the  interfedion  of 
the  rays  to  be  juft  as  they  emerge  from  the  Cryf- 
talline ;  this  coincides  nearly  with  the  intervals 
between  two  fibrils. 

Thofe  who  can  fee  remote  objecis  more  diftinct 
than  others,  have  the  intervals  between  the  fi-- 
brils  lefs.  Mufchenbroek  informs  us  of  one  man 
who  could  count  1  3  Stars  in  the  Pleiades,  and 
Mseftlinus  could  diftinguilh  alfo  with  the  naked 
Eye,   three  Satellites  of  Jupiter. 

How  to  a/certain  Dijiance, 

If  theadmeafurements  of  the  different  parts  of 
the  Eye  given  by  Monf.  Petit  arecorredl,  perfedl 
viiion  will  be  at  24  inches.  Rays  of  Light  pro- 
ceeding from  this  difiance  will  be  converged  on 
the  Retina,  without  any  alteration  of  the  Eye, 

If  theobjedt  fhould  be  nearer,  the  rays  of  Light 
would  be  more  diverging,  and  would  not  be  con- 
verged on  the  Retina  without  fome  change  in  the 
Eye  ;  fo  Light  from  objeAs  remotely  lituated, 
by  being  parallel,  would  be  converged  too  foon. 

To  make  the  requifite  change,  themufcles  fur- 
rounding  the  Eye,  or  any  alteration  of  the  Cor- 
nea, would  be  inadequate  j  if  the  exterior  curva- 
ture 
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tute  of  <■^e  Cryflalline  Lens  be  rendered  equally- 
convex  with  the  pofterior.  Rays  of  Light  from 
iiear  fituared  objedls  would  be  converged  j  if  the 
pofterior  curvature  fliould  be  reduced  to  an  equa- 
lity with  the  anterior,  parallel  rays  would  be  con- 
verged. 

O 

In  thcfe  changes  the  furrounding  Capfule 
would  occafionally  become  corrugated  ;  this  is 
prevented  by  the  Ciliary  Zone,  which  by  its  oc* 
caiional  contradlion  prevents  this.    ' 

In  fifhes  nature  makes  the  change  only  in  this 
part;  thofe  who  have  fufFered  an  extradion  of  this 
Lens,  are  obliged  to  make  ufe  of  glafTes  of  dif- 
ferent convexities,  proportioned  to  the  diflances. 

The  mind,  from  experienizie,  afibciates  the  dis- 
tance of  the  objed:  with  thefe  refpeclive  changes, 
as  f^r  as  thefe  occur,  forms  an  idea  of  the  remote- 
nefsor  proximity  of  an  objedt. 

Marriotte  finding  a  piece  of  paper  is  loft  to  the 
Eye,  whofe  diameter  is  about  the  tenth  part  of 
its  diftance  from  the  Eye  j  the  angle  thus  formed 
by  the  interfedled  ray  and  the  internal  bafe,  cor- 
refponds  to  the  diameter  of  the  Nerve:  from  the 
infenfibility  of  this  part  of  the  Retina,  he  hence 
imagined  thechoroides  was  the  feat  of  vilion. 


rhe 
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The  Nearxfigkted  and  Long-Jghted  £ye^ 

The  Eye,  like  other  parts  of  the  human  body, 
from  any  continued  uniform  adlion,  acquires 
permanently  that  ftate  as  to  be  with  difficulty 
changed;  thus  failors,  countrymen,  travellers, 
&c.  from  looking  at  remote  objeds,  become 
long-lighted,  and  with  difficulty  can  accommo-: 
date  the  Eye  to  near  lituated  objeds  :  fo  on  the 
contrary,  ftudents,  watch-makers,  &c.  become 
near-lighted.  The  former  is  more  generally  the 
refult  of  age,  ariling  from  the  general  redu(5lion 
of  the  whole  fyftem,  the  Eye  participating  of  it, 
no  longer  preferved  in  its  full  orbicular  form,  no 
longer  the  ufual  animating  convexity,  finking 
within  the  orbit,  the  powers  of  convergency  are 
thus  diminilhed,  a  glafs  of  a  proper  degree  of 
convexity  muft  be  adopted. 

So  the  near-lighted  is  more  frequently  conge- 
nite,  to  remedy  which  a  concave  glafs  muft  be 
ufed. 


Theory 
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Theory  of  SpeSiacles,* 

Strabism  or  fquinting  is  of  two  kinds,  one 
fpecies  of  it  curable. 

Impreflions  on  the  Retina  remains  a  certain 
time ;  obfervations  of  Newton  and    Bifhop   of 
LlandafF. 
^    Inflexion  of  Light. 

"Why  Stars  fcintillate. 

The  circulation  of  blood  in  the  Eye  rendered 
vifible. 

Ocular  Spe(flra,  an  examination  of  De  la  Hire 
and  Dr.  Robert  Waring  Darwin's  opinions. 

An  enquiry  into  the  lingular  terreftrial  refrac- 
tions, termed  by  failors  Looming,  the  obferva- 
tions of  EUicott  and  Coxe. 

The  advantages  of  two  Eyes  ;  obje(fls  not  only 
appear  a  little  brighter,  cannot  be  lolt  to  both 
Eyes  at  once ;  for  when  the  image  of  an  objedl 
falls  upon  the  Optic  Nerve  of  one  Eye»  it  will 
fall  at  fome  diftance  from  it  in  the  other;  alfo  the 
field  of  vilion  is  confiderably  increafcd. 

*  The  Rev.  Mr.  Stark,  in  the  irifh  Memoirs,  thinks  de- 
feftive  fight  may  in  fome  refpefls  be  owing  to  the  want  of 
that  gradation  in  the  denfities  of  the  parts  of  the  Cryftallincj 
he  recommends  a  concavo-convex  glafsj  whofe  greater  curva- 
ture is  on  tlie  convex  fide. 

K  3  The 
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The  effedis  of  motion ;  a  fmall  object  in  mo* 
tion  is  eafier  difcerned  than  if  at  refl.  A  Star  is 
fooner  perceived  by  agitating  a  little  the  tele« 
fcope. 

The  luminous  appearance  of  the  Eyes  of  ani^ 
mals  with  dilated  Pupils,  as  cats,  owls,  &c.  is 
owing  to  the  Pigmentum  not  being  black  ;  the 
rays  are  remedied  from  the  concave  furface,  and 
unite  in  a  point  on  the  poftcrior  part  of  the  Cryf-^ 
talline  Lens  ;  thus  being  placed  nearer  to  the 
Lens  than  its  focal  diftance,  the  rays  continue 
diverged  and  difFufed,  and  thus  illuminates  the 
Lens. 

White  animals  have  no  pigmentum,  the  red^ 
nefs  which  is  feen  is  from  The  choroid  veffels 
turged  with  blood  ;  when  the  animal  dies  tho 
rednefs  difappear^^  from  the  choroid  veffels  coU 
lapfmg. 


MICROU 
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MICROSCOPES. 

By  thefe  inftruments  we  are  enabled  to  exa- 
mine the  minute  and  wonderful  works  of  the  cre- 
ation, to  unfold  the  admirable  ilrudure  of  ani- 
mals and  vegetables,  and  difplay  the  exquifue 
texture  of  their  conftituent  parts. 

The  ancients  were  acquainted  with  the  burning 
power  of  glalTes  j  the  furgeons  with  glafs  fpheres 
iifed  to  cauterife  wounds,  and  veftal  virgins  thus 
kindled  their  facred  fire. 

The  fpecula  of  Julius  Caefar  and  of  Ptolemy, 
were  only  watch-towers. 

Friar  Bacon  and  Alhazen  feem  to  have  hten 
acquainted  with  the  magnifying  powers  of  glaffes; 
he  mentions  how  he  could  make  a  boy  appear 
like  a  giant,  and  a  man  a  mountain,  and  the  ce- 
leflial  luminaries  to  defcend  in  any  diredtion. 

Although  the  magnifying  power  of  a  fingle 
Lens  might  be  known  to  Bacon,  the  application 
of  a  fmall  Lens  to  the  examination  of  bodies 
took  place  in  the  i6th  century.  Fontana  lays 
claim  to  it  in  1618,  fome  fay  Zachary  Janfen  and 
others  Drebelius,  who  firft  made  compound 
Microfcopes, 

K  4  Thus 
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Thus  a  limplc  Microfcope  confifls  of  a  finglc 
fmall  convex  Lens,  interpofed  between  the  Eye 
and  the  objedl.     The  magnitudes  of  objects  arc 
regulated  by  the  diftance  they  are  from  the  Eye ; 
if  an  object  is  placed  at  one  inch  from  the  Eye, 
the  appearance  is   confufed  and  indiftin(^,  the 
rays  are  too  diverging  to  be  converged  by  the 
Eye;  if  a  convex  Lens,  whofe  focal  diftance  is 
one  inch,  the  rays  after  being  refra<Sed  will  en- 
ter the  Eye  parallel  j  if  eight  inches  be  the  near- 
eft  point  of  perfed  vilion,  by  means  of  the  glafs 
it  will  be  feen  eight  times  nearer,  and  confe- 
quently  enlarged  eight  times  every  way.    If  V^of 
an  inch,  the  objed  will  be  160  times  nearer,  and 
confequently  its  furface  25,600  times  greater. 

Thefe  Lewenboek  made  ufe  of,  Mr,  Gray  in- 
vented a  little  glafs  fphere,  |illed  with  water ;  he 
alfo  perforated  a  piece  of  lead  with  a  pin,  an4 
placing  a  drop  of  water  on  it,  he  could  fe^  any 
animalcule  which  mighf  be  in. 

CovipQund  Micro/copes. 

When  there  is  more  than  one  Lens  is  thus 
termed. 

In  this  cafe  the  image  pf  the  objedl  is  viewed, 
and  not  the  objedl.  The  objed  is  placed  farther 
ffom  the  Lens  than  the  focai  diftance^  fo  that  af- 
ter 
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tcr  refradion  the  rays  converge,,  aud  where  they 
unite,  the  image  of  the  objed  is  formed  j  this 
image  is  viewed  through  a  convex  Lens,  fo  placed 
that  its  focus  ihall  be  the  place  of  the  image. 

This  combination  increafes  the  field  of  view; 
ftill  further  to  increafe  this,  a  fecond  and  a 
broader  eye-glafs  is  placed  between  the  two  o» 
thers,  which  converges  the  rays  from  the  objed-. 
glafs  much  fooner. 

When  thefe  were  firft  ufed,  they  were  held  in 
the  hand,  the  object  illuminated  by  the  window  j 
Culpepper  added  the  refle^or.  For  viewing  o-. 
paque  objeds,  we  are  indebted  to  Mr.  Lieber- 
kulen,  by  means  of  a  fmall  concave  refled^ing  mir-* 
ror,  perforated  in  the  centre,  in  which  the  obje^^ 
Lens  is  placed. 

Solar  Micro/copes 

Is  a  Wilfon's  Microfcope,  the  object  ftrongl/ 
illuminated  by  the  Sun,  the  rays  concentrated  by 
a  convex  Lens,  invented  by  Mr.  Lieberkulen; 
iEpinus  added  the  mirror.  The  objedl  thus  be^- 
jng  ftrongly  illuminated,  will  bear  with  diftindl- 
nefs  a  coniiderable  magnifying  power,  which 
will  be  as  the  focal  diftance  of  the  glafs  to  the 
diftance  of  the  Screen. 

TELE^ 
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TELESCOPES. 

The  invention  of  thefe  ufeful  inftruments  was 
cafual,  to  whom  it  fliould  be  afcribed  authors  dif^ 
fer^  fome  give  it  to  Metius,  a  Dutchman,  about 
1609;  others  to  Lippenfheim,  of  Zeland,  a  fpec, 
tacle  maker,  from  cafually  holding  two  convex 
fpedlacle  glafles  in  a  certain  pofition ;  Borellus 
gives  it  to  Zacharias  Janfcn,  Fifteen  years  be- 
fore any  of  thefe,  Baptifta  Porta  gave  fome 
fketches. 

The  firft  were  about  one  foot  and  a  half.  Ga^ 
lilseo  from  the  confufed  report  made  one,  as  be- 
ing  the  firft  who  philofophically  employed  it,  by 
many  has  been  deemed  the  difcoverer ;  the  firft 
he  had,  magnified  only  three  times,  the  next 
eighteen,  afterwards  one  thirty-three,  with  which 
he  difcovered  the  Satellites  of  Jupiter,  and  the 
fpots  on  the  Sun's  furface  :  the  Telefcope  he  ufed 
was  a  convex  glafs  and  a  concave  one. 

The  principles  of  a  Telefcope  and  Microfcope 
are  the  fame  ;  as  Telefcopes  are  intended  to  view 
remote  objeds  from  whence  rays  proceed  parallel, 
an  objedt  glafs  of  a  fmall  degree  of  convexity  is 
fufhcient. 

Father  Scheiner  firft  made  ufe  of  two  convex 
glaffes,  from  an  hint  of  Kepler's ;  in  this  terref- 

trial 
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trial  objeds  are  neceffarily  inverted,  will  appear 
diftind,  and  with  a  confiderable  field  of  view. 
The  magnifying  power  will  be  in  the  ratio  of  the 
focal  length  of  the  object-glafs  to  the  focal  length 
of  the  eye-g!afs,  the  fame  whether  the  eye-glafs 
be  concave  or  convex. 

Rays  proceeding  from  the  eye-glafs  to  the  Eye 
are  nearly  parallel,  a  dired:ion  proper  for  to  be 
converged  on  the  retina  in  the  natural  Eye  j  to 
the  near-lighted  perfon  the  eye-glafs  muft  be  put 
in  nearer  the  objed-glafs,  in  order  to  render  the 
rays  after  their  emergence  a  little  diverging. 

When  a  number  ot  eye-glaffes  are  ufed,  the 
field  of  view  is  increafed,  although  the  numbep 
of  refradioiis  are  greater,  yet  the  fum  of  the  aber* 
rations  a  riling  from  the  figure  is  lefs. 

Although  each  Lens  has  its  image,  either  real 
or  imaginary,  yet  in  general  there  are  only  two 
real  one^  the  firll  inverted,  the  fecond  upright. 
When  the  number  of  real  images  is  even,  the  ob-» 
jedl  will  be  feen  upright;  when  that  number  is 
odd,  the  objedl  is  inverted. 

All  that  iseffential,  is  that  the  rays  of  the  fame 
pencil  which  enter  parallel,  fhould  emerge  pa- 
rallel ;  the  intervals  and  focal  lengths  of  all  the 
Lenfes,  except  one,  may  be  alTumed  at  pleafure, 
from  whence  that  one  mull  be  determined. 
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Imperfedions  of  Glajfes, 

The  principal  imperfedlions  are  two,  one  ari-. 
ling  from  the  figure  of  the  glafs,  the  other  from 
the  different  refrangibility  of  the  different  co- 
Jours. 

-  Aberration  arifing  from  Figure, 

When  a  convex  glafs  is  formed  of  curves  which 
are  portions  or  fegments  of  a  fphere,  the  rays  of 
jLight  which  fall  near  the  edges  of  the  Lens  are 
fooner  converged  than  thofe  rays  which  fall  nearer 
the  Axis;  hence  between  thefe  extremes  there 
will  be  a  number  of  images. 

The  larger  the  fegments  the  greater  their  difFu- 
iion.  On  this  account  fome  opticians  limit  the 
arch  to  twenty  degrees  of  its  refpedlive  circumfe-. 
rence.  For  the  objedl-glafs  of  a  Telefcope  this 
is  too  great,  although  the  difperlion  of  the  rays 
might  be  very  fmall,  the  magnifying  power  mul- 
tiplies it  as  often  a3  the  objed:  itfelf. 

This  aberration  is  but  inconfiderable  to  that 
which  arifes  from  the  different  refrangibility  of 
the  prifmatic  portions. 

Philofophers,  previous  to  the  time  of  Newton, 
attributed  this  to  the  figure  of  the  Lens.    When 


(    137    ) 

Des  Cartes  fhewed  that  glafles  figured  according 
to  the  furface  defcribed  by  conic  fedions  turned 
about  their  axis,  would  not  have  that  efFedt,*  then 
mathematicians  turned  their  attention  to  grind 
glafles  offuch  forms,  and  among  the  reft  Newton 
himfelf,  till  his  difcoveries  in  1668. 

If  a  red  objedl  is  placed  at  a  diftance  from  a 
convex  Lens,  the  image  will  be  farther  from  the 
Lens  than  if  the  colour  of  the  image  had  been 
violet ;  the  diftance  between  thefe  two  images 
would  be  the  meafure  of  the  aberration ;  if  the 
obje(5l  is  of  an  heterogeneous  colour,  this  fpace 
will  be  filled  by  images  of  the  intermediate  co- 
lours. 

This  difperfion  is  about  the  ^V  part  of  the  fo- 
cal diftanee,  a  Lens  of  feven  feet  focal  diftance, 
the  difperfion  would  be  about  three  inches. 

The  error  arifing  from  this  difperfion,  is  to 
that  from  the  aberration  of  the  figure  as  5449  to 
I,    The  diameter  of  the  circle  in  the  middle 

*  Des  Cartes,  in  his  Dioptrics,  demonflrated  that  if  the 
foci  of  two  oppofite  hyperbola,  whofe  axes  were  in  the  rati© 
of  the  fines  of  incidence  to  refraftion,  if  one  of  thefe  hyper- 
bolas be  turned  about  its  axis,  and  a  portion  of  the  folid  fo 
generated  be  cut  off  by  a  plane  perpendicular  to  the  sxi,% 
then  all  the  rays  which  fall  perpendicular  upon  this  plane 
will  be  refra£ledby  the  convexity  on  the  oppofite  Hde  to  one 
and  the  fame  point, 

fpace 
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Ipace  between  thefe  two  foci  is  about  the  5^th 
part  of  the  diameter  of  the  aperture  of  the  glafs^ 
and  were  it  not  that  the  orange,  yellow  and  green 
occupied  the  central  part,  and  being  the  moft  vi-^ 
vid,  objeds  would  not  appear  in  the  lead:  dif-^ 
tindl*  HcncjS  the  greater  the  focal  diftance  of  the 
objed-glafs  is,  the  lefs  muft  be  the,  proporrion 
which  the  focal  diftance  of  theeye-glafs  may  bear 
to  that  of  the  objedt-glafs  ;  as  the  degree  of  con- 
fufcdnefs  is  as  the  breadth  of  the  objecl-glafs,  fo 
the  magnifying  power  of  the  eye-glafs  muft  be  Ia 
that  degree. 

Thus  an  objedl-glafs  of  four  feet  focus  will  ad- 
mit of  an  eye-glafs  of  one  inch,  and  confequently 
magnify  forty-eight  times.  An  objecl-glafs  of 
forty  feet  focus  will  only  admit  of  an  eye-glafs  of 
four  inches  focus,  and. only  magnifies  120  times; 
and  one  of  100  feet  will  only  bear  one. of  6  inches, 
and  this  only  magnifies  200  times.'^ 

On  this  account  Newton  defpaired  of  improv- 
ing refrading  Telefcopes,  and  hence  turned  his 
attention  to  reflecting  Telefcopes. 

*  If  the  aperture  of  an  objeft-glafs  be  not  as  the  fquare  root 
of  the  power  of  magnifying,  the  image  will  want  Light  ;  the 
fquare  root  of  the  power  of  magnifying  will  be  as  the  fquare 
root  of  the  focal  diftance  of  the  objeft-glafs,  and  therefore 
the  focal  diftance  of  the  eye-glafs  muft  be  only  as  the  fquare 
root  of  that  of  the  cbjeft-glafs, 

Euler 
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Euler  tried  by  making  the  objed-glafs  of  twa 
materials  to  corred  this  refradion ;  the  difcovery 
was  referved  for  Mr.  Dollond  in  1757,  vvhode- 
monftrated  that  the  difperiive  powers  in  difFereht 
glalTes  were  not  the  fame ;  thus  flint  glafs  difperfes 
more  than  crown  glafs.  Mr.  Zeiher  of  Peterf- 
burg  attributes  this  to  the  minium  it  is  combined 
with;  he  proceeded  in  the  manner  already  (hewn 
in  the  analy lis  of  convex  Lens. 

ReJleBing  Tele/copes, 

Mer-Sennus  firft  fuggefted  them  to  Des  Cartes^ 
who  treated  the  idea  as  ridiculous.  Mr.  Grego- 
ry, of  Aberdeen^  has  been  deemed  the  inventor, 
this  he  propofed  in  1663,  viz.  a  concave  fpecu- 
lum,  refleding  the  rays  from  an  objed  towards 
a  fmall  fpeculum,  and  this  returning  the  image 
to  an  Eye  placed  behind  the  great  fpeculum  j 
Newton  was  a  workman,  five  years  after  he  began 
one,  and  in  1672  completed  two  fmall  refledors. 
The  Academy  of  Sciences  endeavoured  to  depre- 
ciate Newton  by  a  difguifed  Gregorian  Telefcope, 
under  the  name  of  CaiTegrian,  with  this  differ- 
ence, the  fmall  fpeculum  was  convex. 

Thofe  Newton  made  were  only  fix  inches  long, 
yet  magnified  equal  to  a  fix  feet  refrador ;  the 
difficulty  of  polifhing  made  near    forty   years 

elapfc 
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dapfc  before  another  was  made.  Thus  Mr.  Hdd^ 
ley  made  one  five  feet  long^  after  the  Gregorian 
mAhn^ti  and  now  from  the  iriiprovement  of  Mr* 
Short  and  Mudge,  a  good  polifh  alfO  the  proper 
jpar^ibolic  figure  are  now  given* 

The  polvers  of  magnifying  are  as  the  focal  dif* 
tance  of  the  large  concave  fpeculum  exceeds  that 
<of  the  eye-glafs. 

Newton's  refledlor  was  inclined  to  art  angle  of 
45  degrees  to  the  axis  of  the  larger,  in  this  not  fo 
great  a  quantity  of  Light  is  loft  ;  on  this  account 
JOr*  Herfchel  has  adopted  it* 

Binocular  Telefcopes.  i)r.  Blair*s  Telefcopes* 
Opera  Glafs.  Magic  Lanthorn.  Camera  Ob- 
Icura.    Hadley's  Quadrant,  &c. 


j?NEtr. 
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PNEUMATICS. 

The  fcience  of  Pneumatics,  in  the  original  de- 
Jfivation  of  the  word,  implies  an  inveiligation 
into  a  fomething  of  a  fpiritual  nature  :  in  this 
point  of  view  the  ancients  conlidered  that  vaft 
aerial  volume  that  furrounds  us,  they  fuppofed  it 
a  principle  diverted  of  the  common  properties  of 
matter.  Ariftotle  feems  to  have  been  the  firft 
who  afcribed  Gravity  to  Air,  the  demonftration 
of  which  was  referved  for  Galilaso,  Torricellius, 
and  Merfennus. 

All  the  philofophers,  till  within  this  century, 
imagined  that  there  were  only  one  kind  of  aerial 
fluid,  and  that  its  various  dates  depended  on  the 
admixture  of  extraneous  fubftanccs:  thus  Van 
Helmont  was  acquainted  with  the  inflammable 
qualities  of  fome  Vapours,  and  knew  that  others 
extinguilhed  flame  and  fufFocated  animals ;  he 
had  no  idea  that  thefe  fubftances  were  capable  of 
being  feparately  exhibited  in  the  form  of  a  per- 
manently elallic  Vapour  not  condenlible  by 
Cold. 

Boyle  obferved  that  the  elaftic  fluid  extricated 
from  ripe  fruits,  fermenting  and  eflervefcing  li- 
quors, extinguiflied  Flame,  &:c, 

L  The 
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The  fagacity  of  Newton  had  obferved  that 
there  were  a  fomething  in  common  Air  necelTary 
to  Life,  and  which  he  called  the  fpiritual  parr, 
and  conjedured  that  .Comets  might  occafionally 
renew  what  was  deftroyed  by  refpiration.  Dr. 
Hales  fjrft  collected  Air  under  receivers  j  he 
found  that  mineral  waters  owed  their  fpirit  and 
brifknefs  to  the  Air  united  with  them ;  he 
thought  it  was  the  fame  as  atmofpheric  Air  j  he 
could  not  imagine  that  what  fhould  be  the  fourcc 
of  brifknefs  in  mineral  waters,  could  be  the  fame 
Mr.  Boyle  had  found  deftrucftive  to  animals*- 
Thefe  were  more  particularly  unfolded  by  Dr. 
Browning. 

Dr.  Black  firfl  pointed  out  the  effeds  arifing 
from  depriving  bodies  of  Air  united  with  them, 
ufually  called  fixed  Air,  and  how  their  cauIHcity 
was  deftroyed  by  adding  it  to  them.  Since  there 
Prielilcy,.  Cavendifb,  Seheele  and  Lavoilicr  have 
clearly  demonftrated  the  exiftencc  of  many  dif-^ 
tindl  and  eminently  elaftic  fluids. 

Vital  Air, 

Termed  by  Prieftley,  dephlogifticated  Air ;  by 
Lavoifier,  oxygenous   Gas,  from  its   being  the 
Balis  of  all  Acids.     The  Air  we  breathe  is  form- 
ed of  28  parts  of  this  GaSj  with  72  parts  of  im- 
pure 
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pure  Air,  which  being  deftfudlive  to  Life,  Is 
called  azotic  Gas. 

When  a  Light  is  placed  under  a  receiver,  it 
will  keep  burning  as  long  as  there  is  any  portion 
of  pure  Air;  fo  metals,  when  calcined,  are  no- 
thing more  than  an  union  with  this  Air^  hence 
are  faid  to  be  oxydated ;  they  then  lofe  their  me- 
tallic fplendor,  their  malleability^  from  being 
rendered  foluble,  become  poifonous ;  in  confe* 
quence  of  this  union  they  have  a  proportional  in- 
creafe  of  weight.  Light  will  difengage  this  Air 
from  many  Acids>  and  from  Vegetables^.  This 
laft  Mr.  Cavendifh  attributes  to  the  decompofi* 
lion  of  Water. 

Vital  Air  is  heavier  than  Atmofpheric  Air; 
a  cubic  foot  of  Atmofpheric  Air  weighs  720 
grains,  of  Vital  Air  765* 

The  refpiration  of  this  Air  is  fuppofed  by  Dr, 
Crawford  to  be  the  fource  of  animal  heat;  when 
Air  has  been  refpired,  it  becomes  changed,  being 
converted  into  fixed  Air,  and  its  capacity  for 
Heat  being  then  fo  much  lefs,  what  was  evolved 
in  the  change  has  been  deemed  a  fufficient 
fource. 

The  theory  of  Dr.  Crawford,  refpecfting  the  ca- 
pacities of  bodies  for  Heat,  Ihewn  in  many  ref- 
pedis  to  be  imperfed. 

L-  a  The 
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■The  medicinal  properties  of  this  Gas  confi- 
dered,  Scheele,  ChaptaJ,  Cailliens,  and  Dr. 
Beddoes'   opinions. 

Azotic  Gas 

Lighter  than  oxygene  Gas. 

A  cubical  inch  weighs  0.4444  of  a  grain  ;  this 
Gas  is  the  balis  of  Nitrous  Acid,  hence  by  Dr. 
Pearfon  has  been  termed  Nitrigen  Gas  :  if  to  20-|- 
parts  of  azot.  43^  parts  of  oxygen  be  added,  64 
parts  of  nitrous  Gas  are  formed;  if  to  this  we 
join  36  parts  of  oxygen,  100  parts  of  nitric 
Acid  refult  from  the  combination;  and  when 
thislaft  acid  is  united  with  Potafh,  Nitre  or  Salt 
Petre  is  formed. 

Nitrous  Air 

Was  firft  difcovered  by  Dr.  Hales,  who  in 
examining  the  Air  that  was  difengaged  from  the 
Walton  Pyrites,  by  means  of  Spirit  of  Nitre,  ob- 
fervcd  that  when  joined  to  common  Air,  an  ab- 
forption  of  part  of  the  common  Air  enfued.  Dr. 
Priellley  extended  thefe  experiments,  procuring 
the  fame  Air  from  Aq.  Fortis  poured  on  any  of 
the  metals,  as  iron,  copper,  brafs,  filver,  &c. 
he-   found   it    produced  no   diminution   in   any 

part 
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part  of  the  Airs  but  pure  Air:  he  hence  ufcd  it 
as  a  tcft  for  the  purity  of  Air  ;  the  graduated  in- 
ft-rument  he  ufed,  he  called  an  Eudiometer. 

Nitrous  Air  being  the  fame  as  nitric  Acid,  de- 
prived of  a  portion  of  its  oxygen,  hence  when, 
the  acid  is  poured  on  metals,  thcfe  are  calcined 
by  the  oxygen  of  the  Acid,  the  remaining  por- 
tion of  the  Acid  becomes  aeriform. 


Carbonic  Acid  Gas 

Has  been  the  longefl  known ,-  Van  Helmont 
called  it  Gas  Sylveftris,    becaufe   produced   in 
vaft  quantities  during  the  combuftion  of  charcoal : 
it  was  formerly  called  fixed  Air.     It  exifts  ready 
formed  in  chalk,  marble^  and  all  the  calcareous 
ftones  neutralized  by  lime.     From  thefe  it  is  ea- 
sily difengaged  by  fulphuric  Acid  :  this  Gas  is 
the  heavielt  of  all,  a  cubic  foot  weighing  807.34 
grains.      It  is  a  compound   refulting  from  ah 
union  of  Carbon  and  oxygen  Gas ;  when  charcoal 
and  metallic  oxyds  are  combined  in  proper  pro- 
portions,  th€  oxygen  of  the  oxyd  combines  with 
the  carbon  forming  this  Gas,  and  the  metal  re- 
covers its  reguline  ftate;  this  has  been  elegantly 
analyfed   by  Mr.  Smithfon  Tennant,  by  mixing 
together  fome  powdered  marble  flightly  calcined* 
and  fome  phofpherous,  in  a  glafs  tube  well  clofed 
L  3  and 
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and  luted,  and  then  kept  in  a  red  heat  for  a  few 
minutes  when  cool,  a  black  powder  is  formed, 
which  Confifts  of  charcoal  and  phofphat  of  lime. 

This  Gas  unites  with  about  its  own  bulk  of 
Water,  and  acidulates  it :  this  is  the  caufe  of 
brifknefs  in  Pyrmont  Waters  ;  it  arifes  in  abun- 
dance from  fermenting  liquors.  Air  after  it  is 
refpired  is  converted  into  this  Gas ;  it  is  often 
found  in  mines  and  fubterraneous  places  called 
choke  damp.  It  was  thought  this  was  the  Air 
in  the  celebrated  Grotto  del  Cano ;  Spallanzani 
proves  it  to  be  azotic  Gas. 

It  has  the  property  of  retarding  putrefadion  3 
whether  this  arifes  from  the  carbon  might  be  a 
fubjed:  of  enquiry } 

Hydrogene  Gas, 

This  Gas  was  ufually  known  by  the  name  of 
inflammable  Air ;  it  is  evolved  from  all  putrid 
animal  and  vegetable  matters  :  fince  the  decom- 
polition  of  Water  has  been  afcertaincd,  this  fluid 
being  found  its  principal  fource,  hence  has  ac- 
quired the  name  of  Hydrogene.  It  is  the  lightefl 
©fall  the  Gafes,  a  cubic  foot  only  weighing  41 
grains:  one  hundred  grains  of  water  is  found  to 
be  compofed  of  85  grains  of  oxygen  Gas,  and  15 
grains  of  hydrogene  Gas. 

It 
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It  is  found  in  mines,  and  often  produces  the 
mofl  dreadful  effcds  j  is  called  wild-fire.  By 
being  Co  fpecifically  light  is  the  reafon  why  bal- 
loons are  fo  buoyed  up. 

This  Gas  ii  eafily  procured  by  dilTolving  iron 
or  zinc  in  diluted  vitriolic  Acid  ;  the  Water  is 
deconipofed  with  rapidity  :  this  Gas  united  with 
azot  forms  the  volatile  Alkali ;  thefe  conftitute 
the  ammoniacal  fmell  obfervable  in  putrefcent 
fubflances. 

When  medicinally  ufed,  by  being  mixed  with 
about  twcjve  times  its  bulk  of  common  Air,  al- 
leviates irruations  of  the  lungs. 

With  this  Air  Dillier  exhibited  his  beautiful 
fire-works,  varying  its  colours  by  different  ad- 
mixtures :  thus  inflammable  Air  of  pit-coal,  mix- 
ed ivith  ^  of  the  Air  of  the  lungs,  makes  a  blue 
Hame  with  nitrous  Air,  green,  &c. 

Fluoric  Acidp 

Margraff  difcovered  this  Acid  ready  form- 
ed by  nature  in  the  fluoric  fpars,  combined 
with  calcareous  earth,  fo  as  to  form  an  infolublc 
neutral  fait:  it  is  difengagcd  by  the  fulphureous 
Acid,  as  it  dilTolves  glafs  and  filiceous  fubftanccs, 
metallic  vefTels  muft  be  employed.  From  this 
circumftance  it  is  that  beautiful  etchings  may  bg 
L  4  made 
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made  on  glafs,  as  on  copper,  with  the  nitrous  A- 
cid  ;  if  we  caufe  the  fluoric  Acid  to  pafs  over  in- 
to a  recipient  of  water,  it  is  condenfed  and  ab- 
forbed  by  the  Water. 

By  an  attention  to  thefe  elementary  principles, 
the  various  changes  which  take  place  in  animal 
and  vegetable  fubllances  are  ealily  explained : 
thus  when  an  animal  is  deprived  of  Life,  deprived 
of  that  active  principle  which  preferved  thefe 
elements  in  their  proper  balance,  the  equilibrium 
is  broke,  the  whole  fubftance  becomes  perfedliy 
analyfcd,  and  nothing  but  a  mould  left  behind; 
the  hydrogene,  one  of  the  component  parts  of  the 
circulating  fluids,  uniting  with  the  azotic  prin- 
ciple of  the  diflblved  animal  fibre,  from  acquiring 
fufficient  caloric,  to  afiume  a  gafcous  form,  con- 
ft jtute  the  ammoniacal  fmell  j  the  oxgen  and  car- 
bon efcape  in  the  form  of  carbonic  Acid,  thefe 
four  being  the  elementary  parts  of  an  animal. 


Frejfure  and  Elajiicity  of  the  Air, 

The  Atmofphere,  principally  formed  of  aerial 
particles,  of  Caloric,  of  Electricity  and  of  Mag- 
netifm,  being  univerfally  full,  on  this  general  pie-, 
|ium  the  phaenomena  of  preffur?  and  of  elarticity 
depend. 

If 
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If  a  pneumatic  receiver  could  be  formed  offuch 
materials  that  neither  Air,  Fire,  Eledricity  or 
Magnetifm  could  permeate,  then  the  procefs  of 
exhaufting  the  Air  would  be  impradicable. 

As  we  know  of  no  body  but  what  fome  of  thefe 
fubftanccs  will  permeate,  the  phsenomena  which 
are  produced  by  exhauflion  arife  only  from  a 
change  of  place. 

As  Air  cannot  permeate  a  glafs  receiver,  this 
elaflic  fluid  may  be  drawn  out ;  every  exhauftion 
of  the  Air  from  within  when  thrown  into  the  ge- 
neral atmofpheric  mafs,  muft  neceflarily  occupy 
a  certain  fpace  j  as  there  is  a  plenum  without, 
unlefs  it  can  force  by  its  preflure  an  adequate 
bulk  of  Fire  into  the  receiver,  the  reliftance  to 
the  exhauftion  viould  exceed  every  pollible  effort. 
Jivtry  part  of  the  receiver  being  permeable  to 
Fire,  an  equal  bulk  of  this  principle  immediately 
enters  in. 

The  receiver  is  as  full  after  the  Air  is  with^ 
drawn  as  before,  of  another  principle. 

A  thermometer  placed  under  a  receiver  from 
this  circumftance  finks  in  proportion  to  the  ex- 
hauftion. As  the  receiver  is  furrounded  by  a 
fluid  which  cannot  enter  in,  will  be  a<5ted  upon 
in  proportion  to  its  extent  of  furface  ;  the  re- 
adlion  willbe  e^raidly  equal,  to  the  force  employed 
ill  the  aerial  exhaufl;ion» 

This 
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This  preflure  in  an  exhaufted  receiver  is  as  fif^ 
teen  pounds  on  every  fquare  inch. 

The  caloric  within  fide  the  receiver  is  no  ways 
a  counteracting  preflure  to  the  Air  without;  like 
water  diffufed  in  the  vafcular  ramifications  of 
fponge,  on  ihe  ilighteft  prelTure  palTes  through 
the  receiver  in  every  direction. 

The  Atmofphere,  formed  by  a  combination  of 
thcfe  different  principles,  adls  as  other  fluids  with 
refped:  to  prellure,  in  proportion  to  the  perpen- 
dicular height. 

As  that  portion  of  the  Atmofphere  v;hich  is 
contiguous  to  the  Earth  is  prefled  upon  by  that 
^bove,  it  will  be  in  a  comparative  ftate  of  conden« 
fation  J  thus  the  denlity  will  diminiih  in  the  in- 
verfe  rapo  of  the  columnar  height. 

What  this  ratio  is,  will  be  more  particularly 
noticed  when  011  Barometers, 

J^lajiicity  of  the  Air 9 

Elasticity  of  the  Air  is  not  to  be  confidered 
3s  any  power  peculiar  to  this  fluid,  or  any  kind  of 
fpring  in  its  conftituent  particles,  nor  any  ways 
different  from  that  which  is  pofTefled  by  other 
fluids. 

If  at  the  bottom  of  a  column  ^f  Mercury  I 
place  fome  .'Ether,  the  Jaft  rapidly  rifes  up ;  its 

fpecifiG 
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fpecific  gravity,  fo  much  inferior  to  that  of  Mer- 
cury,  yields  to  the  preflure  all  around,  and  rifes 
up  with  a  velocity  in  the  ratio  of  the  difference  of 
their  densities. 

So  Air,  if  in  a  different  Hate  of  denHty  than  the 
Atmofphere,  in  the  procefs  of  equalization,  e^ 
vinces  that  power  called  by  the  term  Elafticity. 

A  fmall  quantity  of  Air  included  in  a  bladder 
cannot  occupy  a  larger  fpace  when  furrounded  by 
the  Atmofphere.  When  the  denfity  of  the  fur^ 
rounding  Atmofphere  is  any  ways  diminifhed, 
then  the  ingrefs  of  caloric  into  the  Air  in  the 
bladder,  takes  place  with  that  in  the  receiver, 
and  thus  becomes  diftended. 

As  Air  of  equal  deniities  undergo  thefe  changes 
equally,  any  portion  of  Air,  however  fmall,  wil| 
be  equal  to  the  atmofpheric  preffure :  it  is  pre- 
cifely  in  that  ftate  in  which  it  would  bp  if  uncon- 
iined. 

Thus  Air  preffing  pn  a  bladder  tied  over  a  re- 
ceiver, or  on  the  outer  furface  of  a  fquare  bottle, 
produces  no  effed:,  becaufe  the  Air  within  is  an 
exadl  counterpoife  to  the  Air  without  j  abftract 
this  internal  Air,  and  the  prelTure  of  th^  outer 
Air  will  be  foon  evinced. 

So  if  the  outer  Air  be  removed,  the  internal 
Air  receiving  additional  caloric,  will  evince  fimir 
lar  power.  The  Elafliciiy  of  Air  is  then  equal  to 
the  preffure. 
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Condenfation, 

All  bodied,  of  whatfoever  kind,  can  undergo 
no -cltange  with  refpedt  to  their  bulk,  without 
the  medium  of  feme  other  principle,  as  Caloric, 
Eledtricity;  &c. 

If  one  hundred  cubic  inches  of  Air  be  reduced 
to  a  fpace  of  fifty  inches,  fifty  cubic  inches  of 
Caloric,  Eledlricity,  &c.  are  difengaged. 

When  Air  is  condenfed  in  a  brafs  ball,  through 
the  medium  of  a  flrong  glafs  tube,  and  a  pair  of 
ferilible  pith  balls  fufpended  on  the  brafs,  in  the 
iii-fb  procefs  of  condenfation  thefe  diverge  with 
politive  Electricity, 

The  different  gafes  give  out  different  quanti- 
ties. As  the  condenfation  continues,  caloric  is 
given  out,  the  ball  becomes  confiderably  heated. 
Thefe  circumftances  demonftrate,  that  in  thus 
forcing  the  conftituent  particles  of  Air  into  a 
ftate  of  greater  approximation,  the  caloric  and 
Eledricity  which  are  dilTeminated  in  the  inter- 
llices  of  thefe  particles  are  forced  out,  and  eafily 
pafs  through  the  fubftance  of  the  brafs. 

When  this  condenfed  Air  is  fet  at  liberty  in  re- 
fuming  its  original  ftatc,  Eledlrieity  and  Fire  are 
rapidly  abforbed  ;  pith  balls  diverge  with  nega- 
tive  Electricity,    and  a  confiderable   degree  of 


-coldnefs  is  induced  in  all  contiguous  bodies. 


In 
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iri  the  fountain  of  Hiero,  conftruded  on  a 
large  fcale  at  the  Chemnicenlian  Mines  in  Hun- 
gary, the  Air  in  a  large  velTel  comprefTed  by  a 
column  of  water  260  feet  high,  a  flop  cock  is 
then  opened,  the  Air  iiTues  out  wich  great  vehe- 
mence, becomes  greatly  expanded  ;  fo  much  cold 
is  produced,  that  the  moifture  from  the  ftream  of 
Air  is  precipitated  in  the  form  of  fnow,  and  ice 
is  found  adhering  to  the  nofel  of  the  cock. 

In  damp  weather  a  common  glafs  globe  will 
bear  the  condenfation  of  three  Atmofpheres  ; 
when  thus  left  on  the  return  of  a  fine  day  gene- 
rally breaks,  not  being  able  to  bear  the  addition- 
al quantity  of  Caloric  and  Electricity  which  the 
Atmofphere  has  acquired. 

Air -Pump, 

Otto  Guericke,  mayor  of  Magdebourg,  firft 
exhaufted  a  receiver,  placing  it  on  water,  and 
pumping  the  Air  out.  Mr.  Boyle  was  the  firft 
who  exhaufied  it  by  means  of  a  pifton  moving 
in  a  barrel  and  a  valve ;  there  being  only  one  bar- 
rel, the  preflure  of  the  Atmofphere  was  very 
great.  Papin  and  Dr.  HaukfDee  removed  this 
difficulty  by  adding  another,  fo  that  the  prelTures 
counterad  each  other. 

Mr. 
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Mr.  Vream  changed  the  alternate  up  and  down 
inotion  into  a  circular  one. 

In  thefe  the  valve  covering  one  large  hole^  and 
the  pifton  not  accurately  covering  the  bottom^ 
prevented  any  great  exhauftioni  To  remedy  this^ 
Mr.  Smeeton^  in  1752  made  feven  fmall  holeSj  in-* 
Head  of  one  large  one^  that  the  valve  might  be 
eafier  raifed  Up,  and  caufed  the  pifton  to  go 
down  to  the  bottom. 

Even  in  this  the  Air  when  rarefied  to  a  certain 
extent,  is  incapable  of  raifing  the  valve;  one 
of  this  conftrudion  rarely  exhaufts  more  than  3 
or  400  times.  Mr.  Haas,  by  a  pedal  contrivance 
to  raife  up  the  valve>  was  capable  of  exhaufting 
1000  times. 

The  moll  perfed  form  is  the  Air^pump  of  Mn 
Cuthbertfon,  where  infteadofa  valve  he  has  a 
brafs  cone  with  fifty  or  fixty  leathers.  Aiding  into 
a  hollow  cone  J  in  this,  exhauftion  has  been  car- 
ried to  2400  times* 

To  eftimate  the  number  of  ftrokes  requifite 

for  any  exhauftion,  the  capacities  of  the  pifton 

and   receiver  being  known,    the  calculation  is 

very  cafy.* 

BARO- 

*  If  the  capacity  of  the  barrel  of  an  Air-pump  is  to  the 

capacily  of  the  receiver  as  a  is   to  b,  after  every  turn  the 

quantity  of  Air  exirafted  is  to  the  quantity  before  as  a  is  to 

a  •\^  b, 

CoRo 
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BAROMETEEl. 

Some  time  after  Torricellius  had  afceftaiftedf 
?hat  a  column  of  Mercury  thirty  inches  high  was  a 
counterpoife  to  the  prefiure  of  the  Atmofphere^ 
it  was  afcertained  by  Defcartcs,  Pafcal  and  Mer- 
fennus,  that  the  Atniofphere  varied  in  its  pref^ 
furc. 

It  was  found  that  the  column  of  Mercury  was 
never  lefs  than  twenty-eight  inches,  nor  higher 
than  thirty-one  inches,  marking  its  rife  or  fall 
according  to  certain  atmofpheric  changes,  and 
hence  adopted  as  a  weathcr-glafs. 

This  variatioit  of  three  inches  appearing  toa 
fmall  for  minute  divilion,  Defcartes  fuggefted  a 
method  which  was  executed  by  Huygens  with 
two  tubes.  Mercury  at  the  top^  and  Water  at  the 
bottom;  as  Water  is  fo  fenfibly  affedled  by  tem- 
perature, this  form  was  imperfeat. 

Cor.  t.  Hence  the  quantities  taken  away  at  any  number 
of  fucceffive  turns  form  a  geometric  feries,  confe<]^uently  the 
whole  can  never  be  exhaufted. 

In  condenfation  the  fame  feries  does  not  take  place  ;  after 
any  number  of  fucceffive  defcents.  the  denfity  is  increafed  in 
arithmetic  progrefuon, 

Callinii 
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Caflini  invented  an  horizontal  Barometer  ;  irl 
this  Mercury  is   very  apt  to  be  fpi It. 

1 668,  Dr.  Hooke  contrived  jt  wheel  Barome- 
me^er;  as  the  Pulley  is  moved  by  a  firing  which 
is  influenced  by  moifture,  this  is  no  ways  eor- 
rcdt. 

The  Torricellian  will  evince  an  alteration  when 
Dr.  Hooke  is  no  ways  changed,  and  when  a  Ver- 
niers fcale  is  made  ufe  of,  each  inch  becomes  di* 
vided  into  lOO  parts.  The  fcale  oi  variation  be* 
ing  three  inches,  and  each  inch  divided  into  ten 
parts,  on  this  fcale  is  fixed  a  moveable  one  of 
one  inch  long,  and  which  inch  is  divided  into 
nine  parts;  fo  that  each  divifion  of  the  moveable 
fcale  is  one  tenth  of  an  inch  more  than  the  divi- 
Hon  of  the  other. 

Caitfe  of  Variation. 

Varennius  fuppofed  exhalations  differing  in 
denfities.  Dr.  Halley  attributed  it  to  the  varia- 
ble winds.  Leibnitz  to  water  in  flate  of  rain,  not 
weighing  with  the  Atmofphere.  De  Luc  attri- 
buted it  to  vapours.  Dr.  J.  Huiton  to  fudden 
changes  of  heat  and  cold.  Dr.  Darwin  to  fome 
decompofition  cf  the  Air.  Dr,  Bell  to  Ele*flri- 
city ;  which  laft  fcem  the  moft  probable,  as  the 
Mercury  in  the  Barometer  is  higher  in  the  morn- 
ing 
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ing  and  evening  tKar>  in  the  middle  of  the  day.  So 
Volta  and  Reid  have  obfcrved  the  Atmofphere  is 
at  thcfc  times  more  eledrical. 

The  variation  in  the  rife  of  Mercury  is  the  great- 
eft  in  thofe  latitudes  where  the  greateft  changes  in 
the  ftate  of  EIed:ricity  are  alfo. 

At  St.  Helena  there  is  little  or  no  variation  ;  at 
Jamaica  rarely  more  than^^^  of  an  inch,  at  Naples 
one  inch,  England  2  inches  and  a  half,  and  Pe- 
terfburg  3  inches  and  one-third. 

Height  of  the  Atmofphere, 

If  Air  were  of  the  fame  denfity  at  all  altitudes, 
it  would  be  eafy  to  calculate  the  height,  as  Air  is 
1 1 900  times  heavier  than  Quickfilver,  and  29 
inches  and  a  half  of  Quickfilver  being  at  a  mean  a 
balance  to  the  Air;  from  this  the  height  of  the  Air 
would  be  about  5  miles  and  a  half  high.  Air  di- 
miniihes  in  its  denlity  in  the  inverfe  ratio  of  the 
altitudes. 

In  1648  Pafcal  found  the  Mercury  funk  3  inches 
and  one-third  upon  the  Puy  de  Domme  being  3204 
feet  high.  Mr.  Cafwell  found  it  fink  3  inches  and 
-i-V  on  Snowdon-hill,  being  3720  feet  high,* 

SOUND 

*  Suppofing  the  denfity  is  as  the  comprefling  force,  its 
dcnfuy  at  any  height  is  ealily  determinable  on  the  principle 

M  ,  of 
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SOUND. 

Galileo,  in  endeavouring  to  afcertain  the  ve- 
locity of  Light,  difcovered  that  of  Sound  to  be 
near  1 100  feet  in  a  fecond  of  time  ;  this  was  more 
accurately  afcertained  by  Dr.  Halley,  Newton,  and 
Dr.  Derham,  to  be  11 42  feet  in  a  fecond:  this 
motion  they   obferved  to  be  uniform,   whether 

of  the  logarithmic  curve.  The  denfities  of  the  Air  will  be 
denoted  by  the  refpeftive  ordinates  drawn  perpendicular  ta 
the  Afymptot ;  if  any  portion  of  the  Afyinptot  be  a  given 
quantity,  there  is  the  ratio  of  the  two  ordinates,  which  in- 
tercept that  portion,  likewife  given. 

If  the  portions  of  the  Afymptot  are  in  arithmetic  propor- 
tion, then  the  refpeftive  ordinates  are  in  geometric  propor- 
tion. Upon  this  theory  it  appears  that  at  five  miles  high,  the 
Air  is  nearly  2.4  times  rarer;  at  ten  miles  high,  fix  times  ra- 
rer ;  at  fifty  miles  high,  6449  ^'^^^^  rarer. 

It  has  been  obferved  by  aflronomers,  by  the  duration  of 
twilight,  and  the  magnitude  of  the  terreftrial  fhadow  in  lu- 
nar eclipfes,  that  the  efFeft  of  the  Afmofphere  to  refleft  or 
intercept  Light,  extends  to  50  miles. 

Some  Meteors  have  been  obferved  very  high;  one  in  1758 
afcertained  to  be  100  miles  high,  about  a  mile  and  a  half  in 
circumference,  and  exploded  with  a  found  like  diftantthun^ 
der.  Either  to  communicate  found,  or  for  combuflion,  Air 
is  requifite  ;  at  this  height  would  be  infinitely  too  rare,  if 
the  above  calculation  Ihould  be  correft, 

againft 
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againU:  the  wind  or  not.     Condamine,  at  Cayenne, 
found  it  to  move  1175  feet. 

Lord  Bacon  fuppofed  Sound  to  be  owing  to  fome 
other  principle  than  Air,  as  the  Sound  of  a  large 
bell  did  not  in  the  leaft  agitate  a  flame  placed  near 
it.  If  a  bell  be  agitated  in  an  exhaufled  receiver, 
no  Sound  is  induced, 

Sound  is  the  action  and  re-a(5lion  of  the  conff  itu- 
ent  particles  of  Air,  without  any  material  change 
of  place ;  while  wind  is  a  change  of  place  in  a 
large  volume  of  Air. 

A  (hip  when  in  motion  does  not  interrupt  any 
motions  within,  in  whatever  dircclions  they  are 
made,  fo  the  aftion  and  re-adlion  of  the  conflitu- 
ent  particles  of  Air  are  no  ways  checked  by  any 
motion  of  the  mafs  of  Air  where  thefe  motions  are 
taking  place. 

The  fame  as  is  produced  in  the  curdly  appear- 
ance of  water  in  a  drinking-glafs,  when  rubbing 
the  edge  with  the  finger. 

When  the  adion  and  re-a£lion  are  propagated 
through  that  moving  mafs,  they  neceiTarily  are 
checked  in  communicating  to  any  mafs  of  Air  from 
which  they  are  receding;  on  this  account  the  in- 
tenfity  of  Sound  becomes  diminifhed.  So  on  the 
contrary,  in  the  direcftion  of  the  wind.  Sounds  are 
heard  more  diftant. 

Ms  When 
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When  a  body  is  ftruck,  it  gives  forth  a  cer'a'ra 
Sound,  nor  a  finglc  and  folitary  one,  certain  fe- 
condary  and  fubordjnate  \'ibrations  ;  if  thefe  bear 
no  mulical  proportion  with  the  primary,  a  jarring 
difTonance  piuft  be  produced. 

The  art  of  arrans;ing  fcveral  fpunds  in  fucceffion, 
in  a  manner  agreeable  to  the  ear,  is  called  melody. 
By  pi  call  ng  that  orgm)  by  the  union  of  feveral 
founds  heard  at  one  and  th^  fame  time,  is  called  , 
harmony.  Diftance  between  one  found  and  ano-^i^ 
ther  is  called  an  interval.  A.  chord,  compofcd  of 
S.ound?  whofe  union  or  coalefcence  pleafes  the 
ear,  is  called  a  confonancp. 

Thus  the  pclave  of  a  Souqd  is  the  m.olr  pcrfecb 
confonancc,  then  the  fifth,  afterwards  the  third- 

Diflbqance  js  a  number  of  Spunds  fimultaneoufly 
produced,  vvhofe  union  is  difpleafi ng  to  the  ear  j 
hence  in  mufical  coppplitions,  when  thefe  notes 
are  pade  ufe  of,  they  are  announced  to  the  ear  by- 
being  found  in  a  preceding  chord,  and  by  thus 
feeming  to  connecft  the  two  chords.* 
"   ■    >        If 

*  Mufical  charaScrs  y/erc  invcpitcd.  about  670  A.  .G.  by 
Terpandrr  ;  till  the  I3!h  century  the  notes  weie  fquu'c,  gn 
ft;ur  lines,  like  thnfe  of  the  R.oman  church,  without  any 
Maik?  for  time:  afjer  St.  Lewis'  reign  a  fifth  line  was  added. 
The  Kgyi  tians  diftingu'lhed  the  notes  by  the  fevcn  vowels, 
Vo/iiui  te!h  us  that  Pope  Gregory  firfl  made  ufe  oF  the  firft 

fcven 
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If  we  fuppofe  a  llring  divided  into  looo  part.^» 
the  diifeirent  lengths  of  the  firing  Vvill  be  as  follows: 

Ut    C    unifon,   igoo      parts. 

Re    D  S8S.9 

Mi    E  — ■ Soo 

Fa     F  750 

Soi  G  ' —     666.6 

La    A 6c o 

Si      B  533.3 

Ut    C    oilave,     500 
Why  the  od'ave  Ihould  be  moii  in  linifon  with 
the  whole  chord,  then  the  fifth  and  third,  was  iirH 

feven  letters  oflhe  alphabeN  Guido  Arctinc,  a  Benediftine 
monk,  in  !.he  iilh  century,  acquired  great  fame  by  cxpref- 
.lin,g  the  muncal  notes  on  a  new  fcale,  in  order  to  facilitate 
the  learning  of  this  art  :  he  is  faid  to  have  taken  'dicwords 
I'rom  a  hymn  of  Pauius  Diaconns,  on  John  the  Bapiiu;, 

Li"  qnam  luxis  iS^fonarc  fibiis, 

M/ra  gercorum  i^arauli  tucrum. 

Solve  pollutis  Xi7biis  reatum-. 

SaNCTF.    [oHAN'NES: 

The  fvllables  ufcd  in  folmifation  were  origirially  :he!c  fix. 
Tlic  Italians  finding  the  fyllablc  Ut  rather  difl-icnit  to  pro- 
noiiBce,  rejected  if,  and  made  ufe  of  Do,  as  is  obferved  in 
the  Armenia  Gregoriana  of  Gerolarno  C:nronc  ;  this  is  now 
rcjvfted;  and  the  folfaing  by  jiexa.'iiordi,  as  revived  by  Fe- 
puich,   is  generaUy  adopted. 

In  ihc  Sound  of  ihefe  v>-ords  there  is  an  evident  difTcrence, 
the  intervzls  bctv/een  Uf  and  Re  and  Mi  bsiog  equal,  are  cal- 
led toneS/  the  others  fiimitones. 

M  3  mecha. 
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mechanically  explained  by  Galilaeo,  by  comparing 
the  vibrations  of  a  mufical  fcring  with  thofe  of  a 
pendulum. 

.  A  vibrating  ftring  is  to  be  confidcred  as  two 
pendulums  vibrating  in  very  fmail  arcs,  a  pendu- 
lum is  fixed  to  one  point,  a  mufical  firing  to  two. 
A  mulicalftring  is  a  double  pendulum ;  hence  one 
half  of  the  chord  will  vibrate  twice,  while  the 
whole  chord  vibrates  once. 

In  every  fecond  vibration  of  the  fhorter  firing, 
there  will  be  a  coincidence  with  the  vibration  of 
the  longer. 

Thus  the  more  frequent  the  concourfe  or  convi- 
brations  are,  the  greater  the  confonance.  If  the 
length  of  the  longer  firing  be  3,  and  the  Ihorter  2, 
their  vibrations  are  as  two  to  three,  and  called  a 
fifth. 

Thus  if  different  pendulums  of  the  following 
lengths,  which  are  in  the  fame  proportion  as  the 
fubdivifion  of  a  monochord,  be  thrown  into  mo- 
tion, thofe  which  moll  frequently  coincide  in  their 
vibrations  produce  a  vifual  confonance,  and  are 
exactly  the  fame  as  the  notes.* 

The 

*  Suppofing  a  pendulum  one  yard  long  ;  as  the  lengths  of 
pendulums  are  as  the  fquares  of  the  timeSj  the  following  will 
be  the  proportionate  lengths, 

C  unifon 
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The  agreement  between  the  fenfations  of  hear- 
ing and  feeing,  is  more  beautifully  illuftrated  by 
the  coincidence  between  the  divifion  of  a  mono- 
chord  and  the  prifmatic  colours.* 

Sympathetic  Sounds, 

When  one  ftring  is  ftrung,  another  that  is  in 
concord  with  it  will  anfwer ;  if  a  difcord,  no  mo- 
tion will  be  produced. 

This  depends  on  the  aerial  undulations  exciting 
correfponding  vibrations  in  a  fimilar  difpofed 
ftring. 

Hence  it  is  requilite  that  the  ftring  fhould  be  in 
concord  with  the  other,  in  order  that  its  vibrations 
fhould  have  their  courfe  and  recourfe  iimilarj  con- 
fonant  to  the  aerial  undulations. 

C  unifon    39.1     inches, 
D 31 

E  27 

F 21.9 

G 17.37 

A  ■ 14 

B 12.3 

C    ottave      9.7 

*  Thus  B  correfponds  to  red,  A  to  orange,  G  to  yellow, 
F  to  green,  E  to  blue,  D  to  indigo,  and  C  to  violet. 

M  4  When 
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When  not  fo,  a  recourfe  of  the  firing  will  not 
correfpond  with  the  recourfe  of  the  aerial  undula- 
tion, and  thus  a  motion  of  the  firing  cannot  take 
place. 

Echoi 

When  Sound  is  rcfleded  by  a  body  on  which  it 
infringes,  is  called  an  Echo.* 

Grounds  furrounded  by  a  wall,  Sound  returns 
to  the  ear  many  times,  fometimes  ten  or  twelve. 
At  Simonetto  Kircher  telk  us  of  one  the  words 
were  returned  forty  times. 

Not  only  walls,  but  even  thick  woods  and  rocks, 
and  even  clouds.  Some  naval  gentlemen  have  ob- 
ferved  that  when  they  enter  an  harbour  with  a  high 
circular  fhore,  the  guns  return  a  fmarter  Sound 
from  the  land,  than  from  the  Ihip's  lide. 

Sometimes  a  fecond  Echo  or  a  third  is  more 
powerful  than  the  firlt,  the  fuperior  numbers  of 

*  As  the  fenfe  of  hearing  in  general  is  not  capable  of  dif- 
tinguifliing  more  than  7  or  8  fyllables  in  a  fecond,  there  mufb 
be  the  fpace  of -~^  =  I43  feet  between.  Thus  Wood- 
{lock  returns  17  fyllables  ;  hence  143  multiplied  by  17,  is 
2,^31    feet. 

Sound  is  reflefted  in  angles  equal  to  the  incident  ones.  On 
this  depends  the  theory  of  fpeaking-lrumpels  :  fo  alio  the 
whifpering  gallery  at  St.  Paul's. 

reflec- 


(     t«5     ) 

refledlions  more  than  compenfating  for  the  decay 
of  Sound ;  thus  the  celebrated  Echo  at  the  Lake 
of  Killarney,  in  Kerry. 

In  courts  of  juftice,  as  in  the  Houfc  of  Lords, 
to  prevent  any  difagreeable  reflexions,  the  walls 
are  adorned  with  tapeftry. 

Senfe  of  Hearing, 

When  the  Air  is  thrown  into  a  tremulous  un- 
dulation, the  Air  is  aded  upon  all  around  ;  that 
portion  of  Air  which  is  contiguous  to  the  external 
ear,  will  be  refleded  by  the  different  depreilions 
there  are  there,  and  accumulated  in  the  meatus  ex- 
ternus  ;  the  aerial  tremors  ftrike  upon  the  mem- 
brana  tympani,  which  is  provided  with  two  muf- 
cles,  eithei^  to  relax  or  to  brace  up  the  ear,  accord- 
ing to  the  intenfity  of  the  tremors;  behind  this 
membrane  are  placed  four  fmall  bones,  which 
communicate  the  imprcffions  to  a  membrane  which 
covers  an  opening  into  the  labyrinth.  This  laby- 
rinth is  filled  with  an  aqueous  fluid,  to  which  the 
tremors  are  im.parted;  the  labyrinth  or  bony  canaj, 
partaking  of  the  motions,  communicate  the  fame 
to  the  auditory  nerve  which  furrounds  the  canal 
externally.* 

A  canal 

*  Nerves  of  the  car  in  fifhes  do  not  appear  to  pafs  thro" 
ihefc  fo  as  to  get  on  the  infide,  as  is  fuppoled  ihe  cafe  in  qua- 
drupeds J 
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A  canal  called  the  euftachian  tube  goes  from  the 
back  part  of  the  membrana  tympani  into  the 
mouth,  to  allow  of  a  free  ingrefs  and  egrefs  of  Air,^ 
the  fame  as  the  aperture  on  the  lide  of  a  drum,  elfe 
the  vibrations  of  the  membrana  tym.pani  would  be 
impeded. 

WINDS. 

A  Wind  is  a  change  of  place  of  a  large  volume  of 
Air. 

Trade  Winds. 

If  the  earth  were  fiationary,  and  the  Sun  always 
vertical  to  the  Equator,  there  would  only  be  a  North 
Wind  on  the  North  lide  of  the  Equator,  and  a 
South  Wind  on  the  South  lide ;  the  Air  over  the 
Equator  being  heated,  becomes  fpecifically  lighter  j 
the  heavier  Air  prefUng  on  each  lide,  thus  confli- 
tute  the  Winds.  , 

The  Air  partakes  of  the  diurnal  m.otion  of  the 
Earth,  from  Weft  to  Eaft,  as  then  the  Air  is  ap- 
proaching the  Equator,  it  is  approaching  parallels 
of  latitude  which  move  with  greater  velocity,  and 

drupeds;  I  fiiould  therefore  very  much  fufpcftthat  the  lining 
of  the  tubes  in  the  quadruped  is  not  nerve,  but  a  kind  of  in- 
ternal pcriofteum. 

Hunter's  Physiol.  Essays. 

hence 
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hence  will  have  an  eafterly  diredion.     So  on  the 
South  lidqwill  be  a  S.E.  wind.* 

Thefe  Trade-winds  extend  to  about  40  degrees 
on  each  fide  of  the  Equator. 

Monfoons. 

When  from  any  peculiar  lituation  of  land  in  ref- 
ped:  to  fea,  the  Tropics  become  moft  heated,  thefe 
winds  are  produced  io  that  floods  of  Air  rufli  in 
from  the  North-Eafl  and  South- Weft ;  thefe  being 
of  different  temperature,  the  Water  is  precipitated 
by  their  mixture.  From  April  to  October  is  a 
South- Weft  wind,  from  October  to  April  aNorth-^ 
Eaft  wind. 

Thefe  Monfoons  frequently  occur  in  the  Indian;' 
Ocean  and  the  Bay  of  Bengal,  ?.nd  to  thefe  travel- 
lers attribute  the  rife  of  the  Nile.f 

Etefian 

*  The  Equator  is  not  the  cpncourfe  of  thefe  Winds,  but; 
the  northern  parallel  of  4  degrees,  becaufe  the  Sun  is  longcrr 
on  the  North  fide  of  the  Equator  than  on  the  South  fide  . 
Thus  in  the  Atlantic  Ocean  the  S.  E.  Trade-wind  extends  j  .s 
far  as  3  degrees  North,  and  the  N.  E.  Trade-wind  ceafes  ;at 
5  degrees  North  ;  in  this  intermediate, fpace  are  found  calc  is 
v.'ith  rain,  and  irregular  uncertain  fqualls  ;  thefe  limits  var  v- 
ing  in  fome  refpefts  according  to  the  declination  of  the  Su  n. 

+  Thefe  Monfoons  deluge  Nubia  and  AbyfTinia.  "^ihs 
whirling  of  the  afcending  Air  was  feen  by  Bruce  in  AJy/Hii- 
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Etefian  Winds 

Are  Monfoons  not  having  the  eafterlyand  weft- 
criy  directions,  being  reftrained  by  chains  of  moun- 
tains which  confine  Egypt. 

Cryptie  jEolice, 

SpiRACuLA  or  caverns  where  Wind  is  evolved* 
Schenchzer  has  defcribed  many.  Sir  William 
Hamilton  mentions  one  in  the  Italian  Ifle  of  Lac- 
CO,  which  adts  as  an  ice-houfe. 


Ji  General  Winds, 

i  Winds  in  thefe  latitudes  the  more  reo-ular  arc 
the  N.  E.  and  S.  W.  acquiring  the  eafterly  and 
wefterly  direction  from  the  caufe  aforementioned  i 

the  general  winds  are  not  reducible  to  any  known 

1 

nia. :  every  morning  he  fays  a  fmall  cloud  began  to  whirl 
round,  and  prefently  after  the  whole  heavens  became  cover- 
ed twith  clouds.  By  this  vortex  of  afcending  Air,  the  N.  E, 
andS.  E.  winds  flov.'  in  to  fupply  the  pl^ce  of  the  afcending 
column,  became  mixed  more  rapidly,  and  depofited  their  rairt 
in  gjreater  abundance.  Mr.  Volney  has  obfervcd  that  the 
rifrng  of  the  Nile  commences  about  the  19th  of  June,  and 
that  Abyflinia  and  the  adjacent  parts  of  Africa  are  deluged 
wiih  rain  in  May,  June,  'and  ]ulv. 

law. 
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hw,  many  arifing  from  local  circumftances.  Thus 
the  fandy  deferts  of  Africa  give  a  burning  heat, 
whofc  effedls  are  felt  at  Minorca  and  Gibraltar ; 
from  the  fame  fource  originates  that  fcorching 
wind  which  blows  at  Goree,  on  the  River  Sene- 
gal;  fo  the  deftrudive  Wind  on  the  Falkland 
Iflands. 


HYDROSTATIC  S, 

In  the  original  derivation  of  the  word,  means 
the  relation  between  the  weight  of  water  and  other 
bodies. 

A  Fluid  may  be  defined  a  body  whofe  conftitu- 
€nt  particles  are  fpherical,  and  thus  eafily  yield  to 
any  force  impreffed  upon  them.  Owing  to  this 
property  moil  of  the  principles  of  Hydroftatics  de- 
pend. 

This  is  the  reafon  why  Fluids  prefs  equally  in 
every  diredlion,  laterally  as  well  as  perpendicular- 
ly ;  the  prelTure  is  no  ways  regulated  by  the  quan- 
tity of  Water,  as  the  perpendicular  height  and 
their  bafis  refpedlively. 

Thus  one  pint  of  Water  may  be  made  to  prefs 
with  a  force  equal  to  one  hundred  pints. 

If  a  veflel  be  wider  at  top  than  at  bottom,  the 
preffure  will  only  be  as  the  .width  of  the  lower  end 
^^ultiplied  into  the  height. 

Thus 
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Thus  the  fame  quantity  of  Water,  however 
fmall,  may  produce  a  force  equal  to  any  affignable 
one,  by  increaling  the  height  and  bafe  upon  which 
it  prefles. 

Specific  Gravity, 

Specific  Gravity  of  a  Body  is  the  weight  of  it, 
when  the  bulk  is  given  and  compared  with  another 
Body  of  the  fame  magnitude;  cdWtd  fpecijlc  bc- 
caufe  it  is  the  comparative  weight  of  different  fpe- 
cies  of  Bodies  ;  thus  a  cubic  inch  of  gold  is  1 9  times 
heavier  than  a  cubic  inch  of  Water,  hence  it  is 
laid  to  be  as  1 9  to  I . 

Rain  Water  is  generally  adopted  as  the  criterion, 
as  being  eaiily  procured  and  more  uniformly  the 
fame,  a  cubical  foot  of  which  weighs  1000  oz. 
avoirdupois. 

When  a  Solid  is  immerfed  in  a  Fluid,  it  is  prcfT- 
cd  by  that  Fluid  on  all  fides,  and  that  prelTure  in- 
creafes  in  proportion  to  the  height  of  the  Fluid. 

If  a  heavy  Body,  as  lead,  be  immerfed  in  Water 
to  ten  or  twelve  times  its  own  thicknefs  belovi'  the 
furface  of  the  Water,  and  the  fuperincumbent  prcf- 
fureof  the  Water  prevented,  the  lead  will  then  re^ 
main  fufpended. 

If  the  fuperincumbent  preffure  of  the  Water  be 
added,    then  the  Body  will   fink,    only  meeting 

with 
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with  a  refiflance  of  a  weight  of  Water  equal  in 
bulk  to  the  Body  immerfed. 

By  this  refiftance  aJieavy  Body  lofes  fo  much  of 
its  weight,  as  equal  to  its  own  bulk  of  the  Fluid  in 
which  it  is  immerfed. 

This  method  is  of  admirable  ufe  in  afcertainins: 
the  purity  of  metals.  Fine  gold  is  19.6  times 
heavier  than  Water,  while  filver  is  only  1 1  times 
heavier;  if  gold  is  adulterated  with  lilver,  the  fpe- 
cific  gravity  of  the  mixture  will  be  lefs  than  gold 
and  greater  than  lilver,  and  thus  the  proportionate 
quantity  of  each  may  be  ealily  afcertained.* 

*  Let  the  fpecific  Gravity  of  the  gold  be  a,  and  that  of  fil- 
ver ^,  fince  the  weight  of  any  Body  is  compounded  of  its 
magnitude  and  fpecific  Gravity  ;  if  the  bulk  of  gold  in  the 
mixture  be  x,  and  that  of  filverj  and  r,  the  fpecific  gravity  of 
the  mixture,  then  a  x  ' —  c  x  ■=.  c  j  —  h y,  and  confequently 
c  —  h  '.  a  —  c  :'.  X  ; y» 

Thus  it  will  appear  that  by  fubtra£ling  the  lofs  of  gold  from 
that  of  the  compound,  the  remainder  is  the  ratio  of  filver  ; 
the  lofs  of  the  compound  from  that  of  the  filver  is  the  ratio 
of  the  gold. 

Suppofmg  the  fpecific  Gravity  of  the  compound  be  13.115 
gnd  the  mafs  weighs  258,8  grains. 

•  Lofs  in  Water  258.B  grains  of  gold  is  14.54  grains. 

Ditto  of  filver      24.94 

Ditto  of  the  compound       19.74 

Then  19.74 —  14.54  =  5.20  ratio  of  filver. 
And  24.94  —  '9-74  =  5.20  ratio  of  gold. 
Jn  this  mixture  the  quantities  are  ctjual. 

Thus 
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Thus  Mercury  in  medicinal  as  well  as  philofo- 
phical  purpofes,  its  purity  is  a  confiderable  objeft  ; 
it  is  often  adulterated  with  lead,  which  being  fpe- 
cifically  lighter,  is  thus  cafily  detected. 


HYDROMETE  R 

Is  calculated  to  afcertain  with  eafe  and  expedi- 
tion the  fpecific  Gravity  of  Fluids. 

Suppofing  an  Hydrometer  difplaces  a  bulk  of 
water  equal  to  1000  grains,  and  the  (lem  is  divided 
fo  that  each  divifion  correfponds  to  a  grain  of  wa- 
ter; if,  when  placed  in  rain  water  it  links  to  the 
middle  of  the  ftem,  and  in  common  water  it  is 
one  degree  below  this,  and  which  will  take  place 
if  there  be  the  thoufandth  part  of  diflerence  in  their 
Ipccific  Gravities. 

Proof  fpirits  at  the  temperature  of  55  degrees, 
weigh  71b.  12  oz.  per  gallon,  and  rain  water  71b. 
15  oz.  fo  proof  fpirits  is  about  ^-cr  part  lighter  than 
water. 

An  Hydrometer  of  this  fize- would  require  25 
grains  more  to  fink  it  in  water,  than  to  the  fame 
height  in  proof  fpirits. 

Thefe  Fluids  not  only  vary  in  their  fpecific 
Gravities  according  to  the  temperature,  but  the 

bulk 
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bulk  of  the  mixture  is  fomewhat  lefs  than  the  fum 
of  the  two  bulks  before  the  mixture. 

Sir  Charles  Blagden  has  given  a  table  of  the  real 
fpecific  Gravities  of  every  20th  addition  of  Water 
to  Alkohol^  from  30  degrees  to  loo  degrees  tem- 
perature** 


HYDRAULICS* 

Pumps  were  in  ufe  previous  to  the  Chriftian  ^ra, 
faid  to  be  invented  by  Ctefebes,  ah  Athenian  :  the 
principles  on  which  they  aded  were  not  known 
till  the  time  of  Galilaeo* 

*  Monf.  Pouget  found  Alkohol  at  15  deg,  temperature  to 
Water  as  .8199  ^^  *?  ^®  found  in  ten  mixtures  in  proportions 
9i$  beloW)  the  diminutiorls  of  bulk  were  as  follows: 

Water.      Spirit  of  Wine.      Diminution  of  Bulk* 

I  part 9  parts. . .  i 0.0109 

a, 8 ,,  ..0.0187 

3 -  -.  .7 0.0242 

4.  ........  .6.  .........,.:  .0.0268 

S 5 - c.oaSS 

6. ,.  i. .. ..  .4 .0.0266 

7. 3. 0.0207 

8. ..,,....  .2 , 0.0123 

9. ...... ...1 0.0044 

So  that  the  greatefl  diminution  takes  place  when  the  quan- 
tities of  Water  and  Spirits  are  equal » 

N  Thirty- 
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Thifty- three  feet  of  water  being  a  counterpoife 
to  the  prefTure  of  the  Atmofphere,  whenever  a 
column  is  exhaufted  of  Air,  the  preffure  of  the  outer 
Air  will  force  the  Water  up  33  feet ;  at  any  dif- 
tance  lower  than  this,  a  valve  is  placed  to  admit 
the  Water  to  rife  up  and  to  prevent  its  return. 

The  force  required  to  work  a  Pump,  is  as  the 
altitude  of  the  Water  to  be  raifed,  and  as  the  fquare 
of  the  diameter  in  that  part  where  the  piflon 
works. 

Forcing  Pump. 

In  this  there  is  no  valve  in  the  pifton  ;  after  the 
Water  is  raifed  into  the  barrel,  it  is  forced  up  into 
a  refervoir.  In  this  the  ftream  of  Water  is  alter- 
nate ;  to  render  it  uniform,  an  air  velTel  mufl  be 
made  ufe  of. 


Diving  Bells, 

As  conftru(fled  by  Borellus,  Halley,  Tried wald, 
&c.  formed  like  a  bell ;  Dr.  Halley  in  one  de- 
fcended  52  feet,  and  remained  an  hour  and  a 
half.  Mr.  Smeaton's  Diving  Cheft  is  the  bcft 
conftruded,     and    ufed    with    great    fuccefs    at 

Ramfgate ; 


Rimfgate ;    the  Air  fiipplLed  by  a  fol^cing  Air 

Pump.* 

SyphoNo 

Fountain. 

Jets  D'EAUi 


SPRINGS,  RIVERS,  &c. 

It  was  imagined  generally  by  ancient  and  tno-^f 
dern  philofophers,  that  Springs  originated  from 
Rain  and  Clouds  attracted  by  the  ttiouiitains,  thefe 
formed  Springs ;  Springs,  Rivers;  and  Rivers  the 
Ocean  ;  from  thefe.  Clouds  were  again  formed  by 
evaporation.  Monf.  Gualtieri  fhev/ed  that  the 
Waters  difcharged  into  the  Sea  by  the  Rivers  of 
Italy,  were  to  the  Rain  which  fell  as  55  to  27  ; 
De  la  Hire,  that  the  Rain  of  18  years  did  not  pe- 
netrate 8  feet  of  earth  ;  and  Dr.  Hales  demonliratcd 
that  the  Rains  did  not  fuffice  for  vegetation. 

*  In  1774,  at  Plymouth,  Mr.  Day  engaged  for  a  wager, 
in  a  Diving  Boat  of  his  own  conftruftion,  to  remain  twelve 
hours,  100  feet  deep,  perifhed  in  the  attempt. 

In  nS'?,  Mr.  Spalding  went  down  with  one  of  his  afiill- 
ants,  to  view  the  wreck  of  the  Imperial  EaO;  Indiaman,  at 
the  Kifli  Bank,  Ireland  ;  they  femained  about  an  hour,  had 
two  barrels  of  Air  fent,  on  the  fignals  not  being  repeated, 
were  drawn  up  and  both  found  dead. 

N  2  At 
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.  At  a  certain 'depth  Water  is  found,  thefe  efFu- 
fions  feem  to  be  fapplied  from  refervoirs  ftiU 
deeper,  they  by  their  turns  fed  by  larger  and 
deeper. 

The  Earth  may  be  regarded  as  a  Globe  having 
internally  a  great  number  of  vafcular  ramifications 
through  which  Water  flows,  thrown  into  motion 
by  the  motions  of  the  Earth,  and  Rivers  defcend 
in  the  declivities  on  the  furface. 

Monf.  Buache  conjedures  that  there  is  an  un- 
interrupted feries  of  mountains  and  high  grounds, 
■which  divide  the  Earth  into  four  declivities. 
Thefe  chains  of  mountains  forming  Belts ;  thus 
the  Alpine  Belt  extends  through  the  45  th,  46th, 
and  47th  degrees  of  N.  Lat.  pafling  through  Swit- 
zerland, Tyrol,  Savoy,  Saltlburg,  Auftria,  Mora- 
via, Bohemia,  Poland,  Pruflia,  &c. 

This  Belt  originally  went  round  the  Globe,  by 
extraordinary  revolutions  has  been  divided  and 
thus  feparated  the  old  and  new  continent,  in 
pafling  under  the  Sea,  the  elevated  peaks  form 
that  Archipelago  of  Iflands  which  derives  its  name 
from  the  unfortunate  Bhering,  again  rife  and  enter 
North  America,  running  in  the  fame  parallel,  and 
giving  rife  to  the  Ohio,  St.  Lawrence,  Mififllpi, 
till  they  are  loft  in  Canada. 

Thus  Mungo  Parke  obferved  a  fimilar  Belt  in 
Africa,  between  10  and  11  degrees  North,  and  2 

and 


(     177     ) 

and  10  degrees  Weft  Long,  from  Greenwich,  in 
the  highcft  part  of  which  chain  was  fituated  the 
fource  of  the  Gambia. 

Owing  to  thefe  irregularities  of  the  furface  of  the 
Earth,  Currents  and  Streams  proportionably  take 
place:  thus  the  greateft  depth  of  the  Wells  at 
Scheninitz  is  200  fathoms,  yet  it  appears  from  the 
barometrical  calculation  of  Noda,  that  the  greateft 
depth  of  thefe  mines  is  2 86  fathoms  higher  than 
the  city  of  Vienna. 

In  digging  into  the  Earth,  according  as  the  fur- 
face  is  more  or  lefs  elevated,  thefe  vefTels  are  more 
orlefsdeep,  when  one  is  cut  into,  conftitutes  what 
is  called  a  Spring. 

Sometimes  this  opening  may  be  in  the  loweft 
part  of  the  veftel,  the  Water  being  prevented  find- 
ing its  own  level,  in  confequence  of  the  reftftance 
of  the  fuperincumbent  Earth  ;  when  this  is  re- 
moved, rifcs  confiderably  up:  thus  the  Well  at 
Sheernefs  the  Water  rofe  300  feet  above  its  furface. 
At  Connediicut,  in  America,  a  Well  was  dug  70 
feet  before  Water  was  found  ;  on  removing  a  large 
ftone,  the  then  uncontroukd  Spring  gulhed  for- 
wards, ruin  over,  and  ever  fince  has  formed  a 
Brpok. 

Upon  thefe  principles  may  be  eafily  explained 
why  a  warm  mineral  Spring  may  be  contiguous  to 
a  compion  one. 

N  1  Under 


Under  Currents, 

If  one  of  thefe  aqueous  vefTels  fliould  open  in  ^ 
River,  in  a  diredion  oppolite  to  the  iiream,  it  will 
conftitute  an  Under  Current. 

Dr.  Halley  obferved  this  in  the  Straits  of  Gi- 
braltar; Triedwald  has  particularized  the  fame  in 
the  Baltic,  and  Smeaton  the  fame  at  Long  Reach. 

In  the  Current  of  the  Baltic  a  veffel  is  carried 
with  great  rapidity ;  to  check  this,  a  flat  board  i^ 
funk  about  30  fathoms,  the  contrary  direvlion  of 
the  Under  Current  flops  their  progrefs. 


HYGROME  TER 

Is  an  inftrument  intended  to  difcover  the  m'oifTf 
ture  contained  in  the  Atmofphere. 

All  fubftances  which  are  twifted  are  contracled 
by  moifture,  w:hile  other  fubftances  are  lengthened. 
Thus  wood  expands  by  nnoifture  j  ropes,  catgut, 
beard  of  a  wild  oat,  &c,  contract.  Mr.  De  Luc 
found  that  whalebone  find  box  cut  acrofs  their 
fibres  increafed  nearly  in  proportion  to  the  quantity 
of  moiflurc  ;  whalebone  he  preferred,  as  it  uni- 
formly returned  to  the  fame  point,  and  its  expan- 
fion  greater,  nearly  one  eighth  pf  its  length. 

THER, 
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THERMOMETERS. 

An  inftrument  contrived  for  meafuring  the  re- 
lative degrees  of  heat  in  Bodies. 

Its  invention  is  attributed  to  feveral  perfons, 
Sancflorio,  Galilseo,  Father  Paul,  &c.  Drebbel 
introduced  it  into  England. 

The  firft  were  only  filled  with  Air,  about  2  feet 
long,  and  a  fmall  quantity  of  coloured  liquor  in 
the  tube.  Air,  although  very  fenfible,  yet  being 
influenced  by  other  caufes  than  by  temperature,  on- 
this  account  is  imperfed*.  The  Florentine  acade-' 
micians  filled  them  with  Spirits*  Dr.  Hooke  in- 
troduced them  into  England.  As  fpirits  of  wine 
will  not  afpertain  the  higher  degrees  of  Heat,  New- 
ton adopted  linfeed  oil  in  a  tube  3  feet  long,  and 
half  an  inch  wide,  and  the  ball  two  inches ;  this 
being  inconvenient  from  its  length,  and  inaccu- 
rate from  the  oil  adhering  to  the  fide§  of  the  tube, 
induced  Farenheit  to  fill  his  with  Mercury,  and 
which  at  the  fame  time  was  alfo  done  by  Prims  in 
England.  When  Maupertuis  and  the  French  phi- 
lofophers  went  to  the  polar  region,  the  Spirit 
Thefmometers  burfi,  the  mercurial  ones  remain- 
ed perfedl ;  at  the  fame  time  Boerhaave  adopting 
Farcnheit's,  render  it  general. 

All  Fluids,  excepting  Air,  arc  inferior  to  Mer- 
cury in  fenfibility. 

N  4  Graduation 
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Graduation  of  the  Thermometer. 

At  firfl  there  were  no  general  ftandard  ;  the 
Florentines  adjufted  to  the  greateft  funlhine  Heats 
of  their  country,  which  were  neceffarily  vague  and 
uncertain.  Mr.  Boyle  recommended  the  freezing 
of  the  elTential  Oil  of  Anifeed,  or  the  congelation 
of  diftilled  Water.  Dr.  Halley  preferred  taking 
as  a  ftandard  places  deep  under  ground,  as  Mr, 
Boyle  had  obferved  that  130  feet  deep  the  Ther- 
mometer was  uniformly  the  fame  :  De  la  Hire  and 
Miraldi  found  the  fame  under  the  Royal  Obferva- 
tory  at  Pans,  and  thus  graduated  theirs.  After^ 
wards  Dr.  Halley  recommended  the  heat  of  boiling 
water,  which  Newton  and  Amontons  adopted ; 
Farenheit  firfl"  obferved  that  this  varies  as  the  pref- 
fure  of  the  Atmofphere,  hence  Thermometers 
ihould  be  graduated  when  the  Barometer  is  at  29 
and  \.  Mr.  Cavendilh,  obferving  a  librating 
motion  in  the  boiling  he^t,  recommends  the  fteam 
as  more  corred. 

The  Graduation  which  is  made  ufe  of  in  Eng- 
land and  Holland,  is  that  of  Farenheit's ;  in  the 
forming  of  which  he  made  ufe  of  a  large  Thermo- 
meter, fuppofing  the  greateft  poflible  degree  of 
cold  was  that  produced  by  a  mixture  of  Snow  or 
beaten  Ice  and  Sal  Ammoniac,  he  fixed  this  point 
gt  Zero,  the  Mercury  in  the  tube  weighed  11 124 

grains  ,• 
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/  ... 

grains  ;  when  placed  in  water  beginning  to  freeze, 

the  Mercury  rofe  up  32  grains,  which  he  mi^rked 
as  his  freezing  point ;  when  placed  in  boiling  wa- 
ter, it  rofe  up  212  grains,  and  which  charadlerifed 
that  degree. 

To  have  a  very  fenfible  Thermometer,  the  bore 
ihould  be  very  fmall,  and  the  ball  large,  if  inftead 
of  being  round  was  flat,  the  Mercury  would  expofe 
a  larger  furface,  ^ 

To  afcertain  the  higher  degrees  of  Heat,  Mr. 
Wedgewdod's  fquare  pieces  of  clay,  which  con* 
tradt,  by  great  intenfities  of  Heat,* 

Degrees  of  Cold, 

BoERHAAVE  imagined  that  the  Air  was  never 
colder  than  32  degrees  ;  and  when  Farenheit  had 

*  Mr.  Wedgewood  divides  his  fcale  into  160  degrees,  the 
firfl;  degree  that  at  which  claj'  firft  begins  to  contra£t,  the 
Ibweft  degree  of  his  Thermometer  equal  to  1077  of  Faren- 
Jieit ;  he  found  the  following  to  be  melted  at  the  degrees 
here  marked. 

Nankeen  Porcelain. ..  .21877  Degrees  Farenheit, 

Pig  Iron  for  cafting..  .20577 

Plate  Glafs- 17197  ' 

Welding  Heat  of  Iron.  13427 

Gold  melts. 5^i7 

Silver  melts 4717 

JSrafs  melts .3807 
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by  a  mixtiirc  of  pounded  Ice  and  Aqua  Fortis  pro- 
duced a  degree  of  cold  of  72  degrees  below  the 
freezing  point ;  a  cold  fays  Boerhaave  that  muft 
jprove  deftrucftive  V6  all  animated  nature. 

At  Peterfburg,  in  the  year  1759,  ^^^  Thermo- 
jneter  was  74  degrees  below  the  freezing  point. 
Pallas  obferved  at  120  deg,  when  Gmelinus  pub- 
liihed  an  obfervation  of  its  linking  to  137,  it  was 
doubled  in  1 760:  the  fame  was  obferved  in  Sweden. 

Artificial  Cold, 

Professor  Braun,  in  December  1759,  refpecU 
ing  Farenheit's  experiments  for  want  of  Ice  and 
Snow,  and  to  his  great  furprife  funk  down  to  184 
degrees  below  freezing,  and  the  Quickfilver  ren- 
dered folid.  In  1763  Pallas  had  ^  lb.  of  Quick- 
filver froze  by  the  natural  Cold. 

The  Southern  Latitudes  are  much  colder  than 
the  Northern,  which  feem  to  arife  from  the  diffe- 
rent diftances  of  the  Earth  in  the  Winter  and  Sum- 
mer, as  the  Earth  is  three  millions  of  miles  nearer 
the  Sun  in  our  Winter  than  in  our  Summer ;  al- 
though the  rays  of  Light  are  more  oblique,  yet  we 
are  one  thirty-fccondth  part  nearer  the  Sun.  In 
the  Southern  Latitudes  it  is  the  reverfe  :  in  their 
Winter  the  Earth  is  alfo  three  millions  of  miles 
more  remote;  fo  that  they  have  an  increafed  dif- 
tance  added  to  the  obliquity  of  the  Solar  rays. 

ASTRO- 
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ASTRONOMY. 

That  branch  of  natural  knowledge  which  re- 
lates to  appearances  in  the  Heavens  and  the  caufes 
pf  them,  is  termed  Aftronomy. 

A  fpedlator  viewing  the  Heavens,  conceives  him- 
felf  fituated  in  the  centre  of  a  Sphere,  upon  the 
concave  furfacp  of  which,  all  the  heavenly  Bodies 
are  difpofed.. 

The  fyftem  at  prefent  adopted  is  that  of  the  mod 
ancient  J  Pythagoras  derived  it  from  his  intercourfe 
with  the  Chaldeans,  and  this  continued  till  the 
period  of  Ptolemy,  who  lived  about  a  century  af- 
%cr  our  Saviour. 

The  Ptolemaic  theory  prevailed  till  the  1 5th 
century,  when  Copernicus  revived  the  Pythagorean 
Syftem. 

About  50  years  after  another  fyflem  arofe,  cre- 
dited by  Tycho  Brahe,  which  has  been  adopted  by 
very  few. 

The  Pythagorean  or  Copernican  Sjjlem. 

The  Sun  in  the  centre,  round  which  all  the 
planetary  Bodies  revolve,  and  in  the  following  or- 
der ;  Mercury,  Venus,  the  Earth  and  Moon  re- 
volving round  the  Earth,  Mars,  Jupiter,  Saturn, 

3^d  Georgium  Sidus, 

'    '■        This 
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This  order  coincides  with  the  different  appear- 
.^nces.* 

.    Ptolemaic  Syjiem 

Supposes  the  Earth  in  the  centre,  the  Moon, 
Mercury,  Venus,  Sun,  Mars,  Jupiter  and  Saturn 
nioving  round. 


em  of  Tycho  Brake* 


The  Earth  in  the  centre,  the  Sun  and  Planets 
revolving  round  once  in  24  hours. 

Or  hits  of  the  Planets* 

Till  the  period  of  Kepler,  1609,  the  Orbits  of 
the  heavenly  Bodies  were  believed  to  be  circular; 
he  firft  publifhed  his  Commentary  on  the  Motion 
of  Mars,  and  Ihewed  that  the  Planet  defcribed  an 
Ellipfis  about  the  Sun,  and  that  the  Sun  was  placed 

*  Venus  and  Mercury  fometimes  jippear  ftationary,  at 
other  times  retrograde  in  their  motions,  while  if  the  Earth 
were  in  the  centre,  they  ought  to  be  obferved  uniformly 
moving  round  ;  alfo  Venus  and  Mars  appear  fix  or  feven 
times  larger  at  one  time  than  at  another,  which  demonflrate 
that  in  their  orbitary  revolutions  there  muft  be  very  great 
difference  in  their  diftance.s  from  the  Earth, 

in 
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in  the  lovvermoft  focus  ;  he  conjedured  this  might 
be  the  cafe  with  every  other.* 

In  diameter  is  893522  miles,  and  is  1434400 
times  greater  than  the' Earth.  The  Sun  has  two 
motions,  one  round  its  Axis  in  25  days  fix  hours^ 
and  an  irregular  orbitary  one  round  the  common 
Centre  of  Gravity.  As  the  Centre  of  Gravity  can 
never  be  farther  removed  from  the  Sun's  Centre 
than  its  circumference,  the  orbitary  revolution  is 
comparatively  fo  trivial,  that  the  Centre  of  the 
Sun  is  generally  calculated  as  the  Centre  of  Gravity 
of  the  folar  fyllem. 

*  Kepler  whimdcally  imagined  that  the  Sun  was  alive,, 
and  that  the  revolution  round  its  Axis  was  the  a6;ion  of  its 
Soul ;  the  eccentricity  of  the  Orbits  of  the  Planets,  he  ima- 
gined the  Bodies  of  the  Planets  were  compofed  of  fibres  in 
form  of  bearded  arrows,  which  lay  all  the  fame  way,  flatten- 
ed when  their  points  were  offered  to  the  Sun  on  one  fide, 
which  flood  erefted  when  offered  to  it  on  the  other ;  fo  that 
when  that  fide  was  expofed  to  the  Sun  where  thef6  barbs  re- 
treated and  flattened,  this  mark  of  refpeft  was  deemed 
friendly:  hence  the  Sun  attrafted  it  nearer  to  itfelf,  when 
they  were  reverfe  and  in  an  offenfive,  hoflile  motion,  was, 
fuppofed  inimical  and  repelled  by  the  Sun. 

f  Called  Sol  i>y  the  ancients,  becaufc  as  Macrobius  fays, 
^«  appears  /olus  or  alone. 

When 
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When  the  phafe  of  the  Sun  is  examined  through 
a  tclefcope,  a  number  of  fpots  is  obferved  of  vari^ 
ous  fizes ;  by  daily  obfervation  thefe  gradually 
change  their  apparent  lituation,  and  return  again 
into  their  fame  place  at  the- expiration  of  25  days, 
fix  hours :  owing  to  this  the  revolution  round  its 
Axis  is  afcertained. 

Thefe  fpots  are  fome  of  them  of  an  amazing 
fize^  equal  in  magnitude  to  the  furface  of  the 
Earth.  Rev.  Mr.  Wollafton  of  Cambridge  fays, 
with  a  twelve  inch  refle(5i:or  he  faw  a  fpot  burft  to 
pieces,  and  appeared  like  a  piece  of  ice  broke,  ra- 
diating in  various  diredlions. 

What  thefe  fpots  are,  is  a  fubjedl  much  dif- 
puted.  Scheiner  thinks  they  are  volcanoes  not' 
appearing  fo  luminous  as  the  Sun,  have  that  dark 
look :  hence  he  calls  them  Faculas  or  little  Tor- 
ches. Dr.  Wilfon  fancies  they  are  excavations  in 
the  Sun,  as  he  fuppofes  the  Sun  is  in  a  ftate  of 
combullion  on  its  furface :  fome  of  them  are  found 
to  be  4000  miles  wide,  and  as  many  deep ;  thefe 
are  obferved  to  vary  in  their  fize,  and  fometimes 
entirely  vanilh,  while  new  ones  are  produced. 
Hevelius  obferved  one  which  appeared  and  vanifh- 
ed  in  16  or  17  hours,  and  none  of  them  have  been 
obferved  to  continue  longer  unchanged  than  70 

days. 

As 
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As  it  is  now  generally  believed  that  the  Sun  k 
the  fountain  of  Light,  but  not  of  Heat,  Dr.  Herf- 
chel  thinks  it  may  be  inhabited. 

Mercury 

In  diameter  is  3261  miles,  37  milh'ons  of  miles 
diftant  from  the  Sun,  and  about  ^V  as  large  as  our 
Earth  ;  he  moves  round  the  Sun  in  88  days,  a  ve- 
locity equal  to  1 10680  miles  every  hour. 

Mercury,  like  all  other  Planets  deriving  all  its 
Light  from  the  Sun,  will  be  feen  by  the  inhabi- 
tants of  the  Earth  undergoing  ail  the  changes  of 
the  Moon  j  this  was  firft  obferved  by  Galilaeo, 
Vvho  firfl  applied  a  telefcope  to  the  Heavens. 

Mercury  never  appearing  remote  from  the  Sun, 
it  is  but  rarely  he  can  be  feen  ;  in  general  he  ap- 
pears within  a  quarter  of  an  hour  of  the  Sun,  fb 
immerged  in  its  luminous  rays,  that  no  obferva- 
tions  have  been  made  on  its  Body,  in  order  to  aC- 
certain  its  revolutions  round  its  Axis. 

Venus, 

In  diameter  is  7699  miles,  and  69  millions  of 
tniles  diftant  from  the  Sun,  revolves  round  this 
luminary  in  224  days,  and  round  its  Axis  in  23 
hours,  22  minutes,  in  fize  is  equal  to  our  Earth ; 

its 


Its  orbltary  velocity  is  80955  r^iJ^s  per  houn  Ve-a 
nus  being  more  remote  from  the  Sun,  is  more  ea- 
lily  examined. 

Galilaeo  firft  dbferved  that  when  (he  was  per^ 
fedtiy  round  and  full  fhe  appeared  fmall,  and  larger 
as  {he  became  gibbous.*, 

CaiTini,  in  i66fe,  firfl:  obferved  a  bright  fpot  in 
Venus,  and  concluded  that  flie  revolved  round  her 
Axis  in  little  lefs  than  one  of  our  days. 

In  1726,  Signior  Blanchini  obferved  many  fpots 
in  Venus. 

Mr.  Schfoeter,  of  Bremen,  thinks  Venus  has  an 
Atmofphere ;  when  obferving  Venus  in  her  Cref- 
cent,  the  outer  Limb  is  more  luminous  than  the 
inner  ragged  one,  the  Light  fading  away,  as  is  ob* 
ferved  in  the  gradual  diminution  of  Light  on  At- 
mofphere ;  this  muft  be  more  fenlible  in  the  mid^ 
die  than  at  the  Cufps. 

♦  The  leiftre  of  Venus  being  fometimes  fo  gttat  as  to  be 
feen  in  the  day-time,  gave  occafion  to  Dr.  Halley  to  enquire 
into  the  caufe :  he  propofes  this  problem,  *'  In  which  part 
of  her  Orbit,  with  refpeft  to  the  Earth,  is  the  illuminated 
portion  of  Venus'  Difk,  turned  towards  the  Earth,  the 
greateft  that  it  can  be"? 

He  found  this  to  be  when  that  Planet  is  about  40  deg,  dif- 
tant  from  the  Sun,  and  when  Utile  more  than  one  quarter  of 
her  vifible  Di{k  is  luminous,  and  fhe  refembles  the  Moon 
about  five  days  old,  in  every  eight  years  fhe  returns  to  the 
like  pofition  again  ;  fo  thai  fh.  may  be  feen  the  fame  day  of 
the  month,  and  hours,  nearly  in  the  fame  place. 

V^hcn 
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When  Venus  departs  out  of  the  Sun's  Rays,  on 
the  weftern  lide,  we  fee  her  in  the  morning  juft 
before  day  break,  flie  is  then  called  the  Morning 
Star,  at  this  time  appears  like  a  fine  thin  crefcent : 
juft  a  verge  of  (ilver  light  is  Cecn  on  her  edge. 

Of  the  fuperior  Planets, 

Mercury  and  Venus  are  termed  the  inferior 
Planets,  thofe  which  move  in  Orbits  circum- 
fcribing  that  of  the  Earth,  are  termed  fuperior. 
Thefe  exhibit  phenomena  confiderably  different, 
in  their  motions  they  always  appear  retrograde 
when  in  oppolition,  and  diredl  when  in  conjunc- 
tion. 

The  elongation  of  the  "inferior  Planets  is  lefs 
than  90  degrees,  fo  feem  conftantly  to  attend  the 
Sun,  the  fuperior  are  fometimes  180  degrees. 

The  fuperior  Planets  are  never  feencrofling  the 
Sun's  Difk,  as  in  their  revolutions  they  are  fome- 
times nearer  to,  and  fometimes  further  from  the 
Earth,  and  their  apparent  diameter  is  found  to 
vary  according  to  the  difference  in  their  dif- 
tance. 

Mars 

Is  5312  miles  in  diameter,  146  millions  of 
miles  from  the  Sun,  goes  round  the  Sun  in  686 

O  davs, 
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days,  revolves  round  its  Axis  in  24  hours,  39 
minutes,  is  -^V  of  thefize  of  the  Earth,  and  moves 
in' its  orbit  with  a  velocity  of  55783  miles  in  an 
hour. 

Dr.  Hooke  firft  obferved  a  fpot  in  Mars,  by 
which  its  revolution  round  its  Axis  was  afcer- 
tained  by  Caflini.  In  170-).  Maraldi  obferved 
many  fpots. 

Mars,  when  in  oppofition  to  the  Sun,  is  five 
times  nearer  to  us  than  when  in  conjundlion* 

Mars  appears  to  have  a  conliderable  Atmcf- 
phere.  Caffini  obferved  a  Star  in  the  water  of 
Aquarius,  at  a  diftance  from  the  Difk  of  Mars 
became  (o  faint  before  its  occultation,  that  it 
could  not  be  feen  with  the  naked  Eye:  Roemer 
obferved  the  fame  at  Paris.  Alfo  Dr.  Herfchel 
has  often  perceived  occafional  changes  of  partial 
bright  Belts,  which  feem  to  arife  from  the  varia- 
ble difpolition  of  an  Atmofphere. 

Jupiter 

Is  90,255  miles  in  diameter,  499  millions  of 
miles  from  the  Sun,  revolves  once  round  the  Sun  " 

*  As  the  Earth  is  at  a  mean  96  millions  of  miles  from  the 
Sun,  then  Mars  at  its  neareft  diftance  will  be  50  millions  of 
miles  from  the  Earth  ;  when  at  its  greatefl  diftance,  will  then 
be  242  millions  of  miles. 

in 
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in  1  r  years  and  314  days,  and  round  its  Axis  in  9 
hours  56  minutes;  in  magnitude  is  1479  greater 
than  the  Earth,  and  moves  in  its  orbit  with  a  ve- 
locity of  30,193  miles  in  an  hour.* 

This  Planet  appears  with  Bands  or  Belts,  which 
were  firft  obferved  by  GafTendus ;  Caffini,  while 
viewing  Jupiter,  faw  five  Belts,  and  in  thecourfe 
of  an  hour  two  difappeared.  What  thefe  are,  and 
why  when  obferved  always  form  parallel  llrata, 
are  circumflances  not  yet  accounted  for, 

Saturn 

Is  80012  miles  in  diameter,  916  millions  of 
miles  diftant  from  the  Sun,  revolves  round  the 
Sun  in  29  years  167  days,  and  round  its  Axis  in 
10  hours  12  minutes;  its  magnitude  is  1030 
greater  than  the  Earth,  and  moves  in  its  orbit 
with  a  velocity  0^22,298  milea  per  hour. 

Galilaeo  thought  it  a  tricorporate  Body,f  fup- 
poling  it  to  be  compofed  of  three  globes ;  50  years 
afterwards  Huygens  afcertained  its  annular  ftate. 
What  Galilaeo  took  for  two  Stars,  were  parts  of  a 
King,  which  lingular  and  curious  appendage  en-* 
compaffes  the  Body  of  this  Planet  without  touch- 

*  This  great  velocity  of  Jupiter  renders  his  figure  fpheroi- 
Jal ;  his  equatorial  diameter  to  the  Polar  one  is  as  13  to  12, 

+  Aitiffimam  planetam  tergefimam  obfervavi. 

O  2  ing 
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ing  it  J  the  rpace  between  the  Ring  anJ  Globe  is 
about  21,000  miles,  and  the  breadth  of  the  Ring 
is  nearly  the  fame.  Dr.  Herfchcl  has  difcovered 
another  Ring,  concentric  to  this,  and  much 
larger. 

What  thefe  Rings  are  intended  for  is  not 
known  ;  they  are  inclined  to  the  plane  of  the 
ecliptic  in  an  angle  of  about  30  degrees,  hence 
well  calculated  to  refle(fl  Light  to  the  polar  re- 
gions of  Saturn. 

Georgimn  Sidus 

Was  not  known  as  a  Planet  till  Dr.  Herfchel's 
obfervations  were  engaged  to  it  from  the  fteadi- 
nefsof  its  Light;  in  applying  higher  magnifying 
powers  to  his  telefcope  he  found  the  diameter 
increafed  ;  in  two  days  its  place  in  the  Heavens  was 
changed:  to  fee  it  thus,  the  magnifying  power 
ought  to  be  more  than  300  times. 

This  was  difcovered  in  1781  ;  in  diameter  is 
34,217  miles,  diflant  from  the  Sun  1832  millions 
of  miles,  performs  its  revolution  in  80  years;  in 
magnitude  is  81  -/-g-  larger  than  the  Earth,  and 
moves  with  a  velocity  of  16^411  miles  per  hour.   ' 

The  m.ean  difiancc  of  all  the  Planets  is  gene- 
rally  more  concifely  exprelfed  by  aflronomers  ; 
fuppofxng  the  diftan^c  of  ihe  ^arth  from  the  Sun 

be 
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be  (;]ividcd  inro  ten  parrs,  Mercury  rray  ihen  be 
eilimated  at  4,  Venus  at  7,  Mars  a:  15,  Jupiter 
32,  Saturn  95,  and  the  Gcorgium  iSidus  190 
parts. 

Earth 

Is  fituated  in  the  Sclar  fyftem,  between  Venus 
and  Mars  ;  its  mean  diliance  from  the  Sun  is  96 
millions  of  miles,  its  diameter  7.920  miles  ^  moves 
round  the  Sun  once  in  365  days,  5  hours,  48  mi- 
nutes, and  vvith  a  velocity  in  its  Orbit  of  6^,856 
miles  per  hour. 

Who  it  was  found  out  the  Earth's  fpherical  fi- 
gure, lies  hid  in  the  dark  ruins  of  antiquity  j  cer- 
tainly the  opinion  is  very  ancient,  for  when  Baby- 
ion  was  taken  by  Alexander,  Eclipfes  were  there 
found    calculated.*     Thales  in   the  Ionic  fchool 

*  When  any  Bofly  in  all  fitualions  and  under  all  circum- 
flances  projefts  a  circular  fliadow,  that  Body  mull  be  a  Globe. 
Thus  the  fhadow  of  the  Earth,  whether  projefted  Eaft  Oj- 
Weft,  North  or  Souih,  in  eclipiing  the  Moon,  is  always  cir- 
cular. 

The  Earth  lofes  very  little  of  its  fphericity  by  mountains 
and  valleys.  Mont  Blanc,  an  enormous  mafs  of  granite  in 
the  centre  of  the  Alps,  meafures  2750  fathoms  ;  the  Cordil- 
liers  3030  fathoms,  Quito  1707,  El  Corafin  2470,  Ek  Atlas 
2730,  all  parts  of  the  Cordilliers  or  Andes.  Peak  of  Tene- 
riffe  1934.  fathoms.  Mount  ^tna  1672,  Mounls  Olympus, 
Tauri^s,  and  C;nis  1460  fathoms,  &c, 

O  3  col- 


f     194     ) 

colledled  all  the  relations  given  by  travellers, 
brought  all  thefe  particular  Lights  upon  a  fp;herc; 
and  produced  in  Greece  the  firft  terreflrial  Globe. 

Secondary  Planets 

Are  thofe  which  attend  the  primary  Planers  ; 
Mercury  and  Venus  have  none,  the  Earth  is  at- 
tended by  one  Moon  or  Satellite,  which  is  litu- 
ated  about  240,000  miles  from  the  Earth,  and 
moves  round  the  Earth  in  27  days,  7  hours,  43 
minutes,  which  is  called  the  periodic  month ;  in 
this  time  (he  has  performed  one  entire  revolution 
about  the  Earth,  from  any  point  in  the  Zodiac  to 
the  fame  again. 

The  Moon's  motion  confidered  with  relation 
to  the  Sun,  is  the  excefs  of  the  velocity  of  the 
Moon's  motion  above  the  velocity  of  the  Sun's 
apparent  motion ;  this  excefs  varies :  the  mean 
motion  of  the  Moon  from  the  Sun  is  12  degrees, 
-II  minutes,  26  feconds  in  a  day,  which  carries 
the  Moon  from  one  conjuncflion  to  anoiher  in 
29  days,  12  hours,  44  minutes,  3  feconds.  This 
is  called  a  fynodical  month  or  lunation^ 

The  Moon  turns  about  its  own  Axis  in  the 
fame  time  it  moves  round  the  Earth  j  it  is  on  this 
account  that  (he  always  prefents  nearly  the  fame 
face  to  us;  by  this  motion  round  her  Axis   (he 
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turns  juli  fo  much  of  her  furfacc  conftantly  to-» 
wiirds  us,  as  by  her  motioa  about  the  Earth  would 
be  turned  from  us.* 

,The  Moon,  when  viewed  through  a  telcfcope, 
does  not  appear  fmooth  like  a  fpcculum,  rough 
and  uneven  with  mountains,  caverns  and  valleys. 
Thefe  irregularities  are  more  particularly  obferv** 
cd  in  the  crefcent  flate. 

Whether  there  is  any  Atmofphere  about  the 
Moon,  is  not  yet  known^  flie  always  appears  clear 
when  our  Atmofphere  is  ;  yet  Feuillee  and  De  la 
Hire  fays,  that  a  Star  palling  behind  the  Moon 
has  been  refracted ;  this  by  others  is  denied,  yet 
fome  have  obferved  the  Sun  to  have  a  trembling 
kind  of  motion  jufl  before  an  Eclipfe,  and  to  ap- 
pear oval. 

In  1787  Dr.  Herfchel  obferved  fome  luminous 
fpots  in  the  dark  part  of  the  Moon,  occafionally 
very  vivid  ;  he  deems  them  volcanoes.  Don  UI- 
loa,  when  in  Souih  America,  had  obferved  a  li- 
milarfpot  at  the  time  of  an  Eclipfe;  he  thought 
there  was  a  hole  through  the  Moon,  which  let  the 
Light  pafs  through. 

*  The  motion  abaut  the  Axis  is  equable  and  uniform,  but 
that  about  the  Earth  is  irregular,  from  the  Orbit  being  ellipti- 
cal, ccnfequently  the  fame  prccife  part  is  not  aftually  pre- 
fentcd  towards  the  Earth  ;  a  little  fegment  on  the  Euftern  and 
Weilern  Limb  appear  and  difappear.  This  is  called  the 
Moon's  Libiation, 
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Different  Phafes  of  the  Moon, 

As  the  Moon  goes  round  the  Earth,  more  'or 
lefs  of  her  enlightened  half  will  be  prefented  to, 
wards  us,  fometimes  flie  looks  full  upon  us,  fome- 
timesonly  ha'f  her  enlightened  face;  foon  (lie ap- 
pears as  a  radiant  Crefcenr,  and  at  another  time 
invifible. 

Moon  revolves  round  the  Earth  from  Weft  to 
Eafl:,  when  in  oppofition  to  the  Sun  we  fee  it 
quite  full,  when  in  conjuncftion  is  generally  invi- 
fible a  day  or  two  ;  then  a  line  appears  in  a  cref- 
cent  form,  increafing,  till  at  the  firfl  quarter  fhe 
appears  in  the  form  of  afemicircle. 


The  next  Planet  which  has  Moons  is  Jupiter, 
he  has  four  of  them ;  thefe  were  difcovered  by 
Galilaeo,  who  called  them  the  Medicaean  Stars ; 
of  thefe  he  only  faw  three^  the  fourth  was  difco- 
vered by  Huygens. 

The  applicaiionto  navigation  Was  fuggefted  by 
Galilaeo,  and  firfl  put  into  pracftice  by  the  aftro- 
nomers  Condamine,  Bougouer,  Don  Ulloa,  &;c. 
By  thefe  Roemer  determined  the  velocity  of 
Light. 

Satellites 
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Satellites  of  Saturn. 

HuYGEN3  difcovered  the  fourth  Satellite  :  Caf- 
fini  i6  years  after  difcovered  four,  being  the  3d, 
5th,  6th  and  7th.  In  1789,  Dr.  Hcrfchel  difco- 
vered two  nearer  the  Body  of  Saturn,  viz.  the 
ift  and  2d.  Ihefe  are  fo  minute  as  not  to  be 
icm  unleCs  ihe  Air  is  exceeding  clear. 


Satellites  of  Georgium  Sidus, 

In  1787,  January  i  r.  Dr.  Herfchel  difcovered 
two  Moons^  &c. 

AH  thefe  Moons  appear  to  anfwer  the  impor- 
tant purpofe  of  refie(fling  Light  to  their  refpedlive 
primaries,  and  if  they  refemble-  ours  j  this  feems 
to  be  the  principal  purpofe  of  their  creation,  they 
feem  not  to  be  calculated  for  Beings  like  untp 
ourfelves. 

'Seafons. 

The  Orbit  of  the  Earth  being  elliptical,  and 
the  Earth's  Axis  being  inclined  to  the  plane  of 
this  Orbit,  in  an  angle  of  23  degrees,  30  minutes, 
\o  thefe  the  change  of  Scafons  is  owing. 

As 
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As  far  as  this  angle  extends,  the  inhabitants  of 
every  part  of  this  circle  will  fucceflively  have  the 
Sun  vertical  to  them. 

The  Sunnmer  is  nearly  eight  days  longer  than 
the  Winter;  as  the  Earth  is  fiirther  removed  from 
the  Sun  in  Summer  than  in  Winter,  the  velocity 
with  which  it  moves  through  the  Orbit  is  dimi- 
ni filed  :  the  Earth  as  well  as  all  the  PJanets,  de- 
fcribes  equal  areas  in  equal  times. 

Divijion  of  Time, 

There  is  no  corredl  account  refpecfling  the  an, 
cient  divifion  of  Time  ;  it  is  faid  by  fome  the 
Egyptian  years  were  our  months  :  the  Arcadia 
ans  divided  their  year  into  three  months,  the 
Romans  into  ten.*  . 

The 

*  Romulus  made  this  divifion,  viz,  March,  April,  May,  June, 
Qulntilis,  Sextilisj  September,  O&ober,  November,  and  De- 
cember;  Quintilis  and  Scxtilis  were  afterwards  changed  into 
July  and  Auguft,  in  honour  of  the  two  Caefars.  Numa  ad- 
ded January  and  February,  Even  this  increafe  divided  the 
year  into  only  354  days,  the  eleven  days  he  doubled  every 
fecond  year  and  made  another  month,  called  Mercidonius ; 
this  intercalation  Was  left  to  the  priefts,  who  frequently  o- 
piitted  it ;  thus  the  feafts  fell  on  different  limes.  Julius  Cae- 
far  to  reftify  this,  made  one  year  of  15  months,  he  then  added 
!ne  \\  days  to  the  354,  making  the  year  365  days,  equal  to 

the 


^     199     ) 

The  Time  meafured  by  the  Sun's  apparent  re- 
volution from  any  fixed  ftar  to  the  fame  fixed 
ftar  again,  is  365  days,  6  hours,  9  feconds,  14 
thirds. 

The  Time  meafured  by  the  Sun's  revohjtion  in 
the  Ecliptic,  from  any  Equinox  or  Solftice  to  the 
fame   again,  is  365  days,  5   hours,  48   feconds. 

the  courTc  of  the  San  within  6  hours  ;  thefe  hours  were  left 
alone  till  they  made  one  day  ;  every  4th  year  he  placed  this 
day,  and  in  that  part  of  the  calendar  where  the  intercalary 
month  ufed  to  be  put,  viz.  five,  days  before  the  end  of  Fe- 
bruary, and  fixth  of  the  Calends  of  March,  for  this  year  the 
rupernumerary  day  was  called  Biflextus  ;  this  is  called  the  Ju- 
lian Period,  and  which  would  have  been  correft,  had  the 
Sun  apparently  finiftied  its  revolution  in  365  days,  6  hours. 
The  interval  of  Time  from  the  Sun's  leaving  the  firfl;  point 
of  Aries,  till  his  return  to  it,  is  365  days,  5  houis,  48  mi- 
nutes, and  48  feconds.  being  11  minutes  and  12  feconds  lefs 
than  the  Julian  computation  :  this  in  a  century  makes  a  dif- 
ference of  18  hours,  24  feconds.  At  the  time  of  the  Coun- 
cil of  Nice,  in  1582,  it  was  found  that  the  Sun  had  entered 
the  equinoftlal  circle  on  the  nth  of  March  inftead  of  the 
2111.  Pope  Gregory  XIII.  took  thefe  10  days,  ordered  that 
the  11th  fhould  be  deemed  the  2ifl:.  This  was  called  New 
Stile,  and  immediately  adopted  in  every  Roman  Catholic 
country,  not  adopted  in  England  till  the  middle  of  this  cen- 
tury: to  prevent  this  difference,  he  ordered  that  every  lOOtH 
year  fhould  be  a  common  year,  not  a  I-eap  Year.  This  will 
lead  into  an  error  on  the  contrary  fide ;  every  century  the 
difference  does  not  amount  to  one  day,  to  render  it  more 
ccjual  every  400th  year  fhould  be  Leap  Ycar,- 

The 
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The  former  is  called  the  Sidereal  Ycar^  the  latter 
the  Tropical. 

The  Lunar  Year,  or  twelve  Synodical  Months, 
conlifl:  of  354  days,  8  hours^  48  ftconds,  and 
which  feems  to  have  been  the  year  the  Romans  at 
firfl:  adopted. 

A  Week. 

The  firfl:  mention  of  a  Week  is  in  Genefis, 
derived  from  the  Mofaic  account  of  the  Creation. 
Jofephus  obferves  that  in  all  cities  of  Greeks  or 
Barbarians,  the  feventh  day  is  obferved.  Dion 
Caffius,  the  hiftori.^n  who  wrote  in  A.  D.  210, 
fays,  the  referring  of  days  to  the  feven  Planets 
was  an  invention  of  the  Egyptians,  in  the  order 
of  the  vulgar  fyflem,  viz.  of  Ptolemy's.  Suppo- 
fing  the  Earth  in  the  centre,  Saturn  to  govern  the 
firfl:  hour  of  Saturday,  counting  according  to  the 
ordcrof  the  Planet.s,  the  twenty-fourth  hour  will 
fall  to  Mars,  the  firft  hour  of  the  next  day  will 
belong  to  the  Sun,  who  therefore  will  govern  that 
hour,  and  give  the  name  to  the  day,  &c. 

Eclipfes  of  the  Sun  and  Moon . 

As  all  the  Planets  derive  their  Light  from  the 
Sun,  whenever  one  Planet  is  incerpofed  betweer^ 
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the  Sun  and  another  Planet,  a  proportionate  de- 
privation of  Light  will  take  place. 

If  the  orbit  of  the  Moon  had  not  been  inclined 
to  the  plane  of  the  Ecliptic,  there  would  then  have 
been  two  Eclipfes  every  lunation  ;  as  the  Orbit  is 
inclined  in  an  angle  of  5  degrees,  there  can  only 
be  an  Eclipfe  when  the  Sun,  Moon,  and  Earth 
arc  in  a  right  line.  The  Moon's  Orbit,  if  pro- 
duced, would  cut  the  Ecliptic  in  two  points,  cal- 
led her  Nodes,  or  places  of  interfeClion,  fo  that 
one  half  of  the  Moon's  Orbit  will  be  above  the 
Ecliptic,  the  other  below. 

As  an  Eclipfe  of  the  Sun  can  only  take  place  at 
New  Moon,  if  the  Moon  in  the  courfe  of  her  re- 
volution Hiould  be  at  this  period  in  the  fuperior 
part  of  her  Orbit,  her  Ihadow  when  projed:ed 
will  pafs  above  the  Earth,  and  hence  no  Eclipfe : 
if  at  this  period  fhe  fhould  be  at  or  near  the 
Node,  (he  will  then  be  nearly  in  a  right  line,  and 
her  lliadow  will  fall  on  the  Earth. 

There  are  more  Eclipfes  of  the  Sun  than  of  the 
Moon,  but  more  Eclipfes  of  the  Moon  viiible 
than  of  the  Sun. 

If  the  Moon's  Nodes  had  no  rerrograde  morion, 
there  would  bejuft  half  a  year  between  the  time 
of  the  Sun's  conjudions  with  the  Nodes ;  the  £- 
clipfes  fall  fooner  every  fucceed ing  year, as  toprove 
that   the   Nodes  move  backwards    19  |-  degrees 
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every  year,  hence  go  backward  through  all  the 
figns  in  I  8  years  and  1 1  days.  This  was  fu  ft  af- 
certained  by  Pliny,  hence  called 

Plinian  Period. 

If  to  the  mean  time  of  any  Eclipfe,  either  of 
the  Sun  or  Moon,  there  are  added  i8  years,  ii 
days,  7  hours,  43  minutes  and  a  half,  will  afcer- 
tain  the  mean  time  of  the  return  of  that  Eclipfe. 
As  the  Nodes  go  backwards  19  degrees,  nearly 
equal  to  '9  days  of  the  Sun's  motion ;  hence  tak- 
ing half  of  this  from  182  days  and  a  half,  or  half 
a  year,  will  remain  173  days  for  the  time  of 
the  Sun's  being  in  conjundlion  with  the  other 
Node. 

Tranjits, 

Mercur?  and  Venus  occafionally  pafs  over  the 
Sun's  Difk. 

Mercury's  Orbit  is  inclined  7  degrees  to  the 
Ecliptic,  and  his  Nodes  is  in  the  14th  degree  of 
Taurus,  and  14th  degree  of  Scorpion.  The  Earth 
is  on  thefe  points  on  the  5th  oi  November  and 
the  4th  of  May,  if  Mercury  is  then  near  the 
Nodes,  at  thefe  times  there  will  be  a  Tranfit,  ap- 
pearing like  a  dark  round  fpot  upon  the  Difk  of 
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the  Sun.     This  takes  place  about  once  in  three 
years,  not  always  vifible  to  us. 

Venus'  Orbit  is  inclined  3  degrees  and  a  half 
crofling  the  Ecliptic  in  the  14th  degree  of  Gemi- 
ni and  Sagittarius ;  as  this  Orbit  is  fo  large,  it 
rarely  happens  that  the  Earth  is  in  a  right  line 
with  Venus  and  the  Sun,  when  Venus  is  in  her 
Nodes. 

Dr.  Halley  having  propofed  a  method  of  deter- 
mining the  diftance  of  the  Sun  from  the  Earth,  by  > 
the  pafiage  of  Venus  over  the  Sun,  to  one-fortieth 
part  ofa  fccond.  With  this  view  fome  aftrono- 
mers  were  fent  with  Captain  Cook  in  1761  to 
St.  Helena.  There  will  not  be  another  vilible 
ene  till  1996*'^ 

Tides, 

The  ancients  had  very  imperfedl  ideas  of  Tides. 
Homer  fpeaking  of  Charybdis,  fays, 

"  Thrice  each  day  it  rifes." 

There  is  little  or  no  Tide  in  the  Mediterranean^ 
Charybdis  is  only  a  whirlpool  in  the  Streights  of 
Sicily.  Herodotus,  fpeaking  of  the  Red  Sea,  fays 
there  is  a  flux  and  reflux  of  water  in  it  every  day* 
Horace  fpeaks  of  Tides  as  a  phasnomenon  he 
had  either  feen  or  heard  of, 

"  Quse  Mare  compefcant  caufae."    * 

There  are  a  few   places  in   the  Mediterranean  m 
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^vhich  Tides  have  been  obferved,  viz.  the  S)  ftic, 
the  Adriatic,  the  Faro  of  Meffino,  and  the  Euri- 
pus  :  the  Faro  and  Euripus  being  narrow  chan- 
nels, are  more  currents;  in  the  other  two  places 
Dn  Shaw  particularizes  Tides.* 

Pytheas,  of  Marfeilles,  who  lived  about  the  time 
of  Alexander  the  Great,  firffc  fuggefted  that  Tides 
were  governed  by  the  Moon  ;  Kepler  was  the  firll: 
who  attributed  them  to  a  principle  of  Gravitation. 

Galil^eo  imagined  Tides  to  be  produced  by  the 
different  velocities  of  the  annual  dnd  diurnal  mo-^ 
tion  of  the  Earth;  which  explanation  wOuId  an- 
fwer  well,  if  the  Tides  occurred  at  noon  and  at 
midnight,  and  no  variation  in  their  rife  ;  but 
they  are  found  to  move  through  the  24  hours,  and 
vary  daily  in  their  rife. 

Dr.  Wallis,  in  1666,  furmifed  that  the  Earth 
and  Moon  having  a  motion  round  their  centre  of 
Gravity,  according  as  the  acceleration  and  retard- 
ation were  coincident. 

Sir  Ifaac  Newton,  more  partial  to  his  fyifem  of 
Gravitation,  by  a  very  laboured  hypothelis  of  the 
attracftive  powers  of  th'e  Sun  and  Moon,  endea- 
vours to  explain  the  phenomena  of  the  Tides. 

*  A^'arcnnius  tells  us  of  one  pliilofopher  who  imagined  the 
Earth  and  Sea  to  be  a  livirTg  creature,  and  the  Tides  caulcd 
bv  its  refpiration  ;  fomc  imagined  they  proceeded  from  a  great 
whirlpool  in  Norway,  which  for  fix  liours  abforbs  the  water, 
and  afterwards  difgorgcs  it,  &e. 

^  Suppofmg 
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Suppofing  a  power  of  attraction  to  exifl:  in  all 
the  fpace  bcr\vc>.n  our  Earth  and  the  Sun  and 
Moon,  is  attended  with  many  difficulties  :  the 
following  theory  is  offered. 

The  mean  velocity  of  the  Moon  round  the  Sun 
is  the  fame  as  the  Earth  ;  fuppofing  the  Moon  of 
the  fame  deniity  as  the  Earth,  its  proportionate 
quantity  of  matter  to  the  Earth  m  ill  be  as  i  to 
49.22*.  x^s  the  mean  diflance  of  the  Moon  from 
the  Earth  is  240,000  miles,  the  common  centre  of 
Gravity  of  thefe  two  Bodies  will  be  inverfely  as 
their  weights  from  their  refpecflive  centres,  viz. 
4896  miles  from  the  centre  of  "the  Earth,  936 
miles  above  the  furface. 

When  on  Gravitation  it  was  obfcrved,  that  this 
principle  appeared  probable  to  be  that  general  im- 
pulfe  Fhich  this  Earth  and  all  matter  appertaining 
to  it  i  has  in  confequence  of  its  orbitary  revolution, 
that  the  diminution  of  Gravitation  towards  the 
equatorial  parts  correfponded  to  the  counteraclive, 
the  annual  motion  ,of  the  Earth  by  the  diurnal  one. 

*■  As  fpheres  being  to  each  other  as  the  cubes  of  their 
diameters;  the  Moon  being  2161  miles  in  diameter,  and 
whofe  cube  is  10091690281  ;  the  Earth  being  7920  miles 
in  diameter,  whofe  cube  is  496792188000;  thefe  are  to  each 
other  as  1  :  49.22.  The  grealeft  diftance  of  the  Moon  from 
the  Earih  is  256,785  miles,  and  its  leaft  diftance  223,211  ; 
thcrefoie  its  mean  diftance  is  240, coo  miles. 
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A  third  moticn  of  the  Earth,  round  the  com- 
mon centre  of  Gravity  of  the  Moon  and  Earth,  will 
ad:  with  a  power  proportionate  to  the  difference  of 
this  motion  with  the  annual  one. 

When  the  Moon  is  in  her  quadratures,  the  cen^ 
tre  of  Gravity  will  lie  very  near  the  Line  of  the 
Earth's  Orbit ;  the  deviation  from  its  annual  mo- 
tion is  conliderably  lefs,  the  centrifugal  power  is 
proportionably  fo,  and  the  Tides  at  this  period  are 
the  leaf!.  When  the  Moon  approaches  the  right 
Line  between  the  Sun  and  Earth,  which  Line  be,, 
ing  perpendicular  to  the  Earth's  Orbit,  the  com- 
mon centre  of  Gravity  of  the  Moon  and  Earth  will 
alfo  be  perpendicular  to  the  Earth's  Orbit ;  the 
centrifugal  power  will  be  the  greateft,  and  the 
Tides  will  be  Spring  Tides  or  the  greateft, 

The  Tides  are  obferved  to  be  the  greateft  at  the 
time  of  the  vernal  and  autumnal  equinoxes,  at  a 
time  when  the  revolution  of  the  Earth  round  its 
Axis  adds  its  greateft  centrifugal  power  to  the  mo- 
tion round  the  centre  of  the  Gravity. 

When  the  Moon  is  in  the  Northern  Signs  at  the 
Equinoxes,  then  the  Tides  in  our  Latitudes  are  the 
greateft  ;  fo  with  the  other  fide  of  the  Line,  when 
the  Moon  is  in  the  Southern  Signs. 

Thus  it  is  obferved  that  the  Tides  in  the  Torrid 
Zone  are  the  moft  violent,  they  diminifh  in  their 
force  as  they  approach  the  Pole.     In  feveral  parts 

of 
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of  the  Northern  Ocean  are  very  fm.ill  ;  in  the  Bal- 
tic Sea,  in  Hudfon's  Bay,  little  or  none ;  while 
the  Tides  are  very  high  in  the  Bay  of  Sunda,  Mu 
lacca,  (^oa!l  of  China,  Japan,  Panama,  fiay  of 
Bengal,  &c. 

When  the  Earth  is  at  the  Solflices,  viz.  about 
the  21(1  of  June  and  the  24th  of  December,  the 
Tides  are  the  leaft,  inftead  of  the  motions  of  the 
Earth  coinciding  with  the  motion  round  the  cen- 
tre of  Gravity,  here  are  the  moft  oblique,  therefore 
the  centrifugal  power  is  the  leafl. 

As  the  motion  of  the  Moon  is  from  Eaft  to  Weft, 
Waters  which  flow  in  this  direcftion  will  have  the 
greateft  Tides ;  if  they  flow  from  Wefl:  to  Eaft,  the 
oppofite  motion  is  proportionably  counteracted,  as 
in  the  Mediterranean  the  Sea  flows  from  Weft  to 
Eaft,  hence  little  or  no  Tide. 

The  Moon  in  her  Apogseum  is  near  24000  miles 
more  remote  from  the  Earth  than  at  another,  hence 
the  common  centre  of  Gravity  becomes  two  or 
three  hundred  miles  more  removed  from  the  Earth, 
and  when  this  coincides  with  the  New  and  Full 
Moon,  will  make  a  variation  in  the  Tides. 

So  alfo  the  Earth  in  different  parts  of  her  Orbit 

has  difli'rent  degrees  of  velocity,  which  alfo  require 

to  be  taken  into  conftderation.* 

Fixed 

*  When  the  Moon  is  in  the  Syzygia,  i.  e.  the  Line  which 
joins   the  centres  of  the   Earth   and  Sun,  fhe  ha^  a  fwifter 
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Fixed  Stars. 

The  fixed  Stars  are  diftinguilhed  from  the  Pla, 
.nets  by  their  never  changing  their  relative  fituation, 
and  their  feint  ill  at  ion* .  To  diftinguifh  the  Stars 
with  regard  to  their  lituation,  the  ancients  divided 
them  into  Conftellations,  digefting  them  into  the 
forms  of  fuch  animals,  &c,  which  are  delineatecj 
upon  the  Celeftial  Globe. 

As  the  ancients  had  obferved  that  the  Planets 
moved  in  Orbits  which  formed  frnjall  angles  with 

motion  round  the  Earth  ;  but  in  the  Quadratures  fhe  goes 
flower.  The  Moon,  like  all  the  other  Planets,  moves  in 
Ellipfe,  one  of  whofe  ctnti-es  is  the  Earth,  as  fhe  defcribes 
Areas  proportional  to  the  times,  the  motion  of  the  Moon 
mull  be  quickeft  in  Perigeon,  and  flovveft  in  Apogeon. 

The  limits  of  an  Analyfis  will  not  allow  to  explain  all 
thefe  circumftances,  fo  faras  they  influence  the  Tides,  which 
foon  will  be  more  largely  treated  of  in  a  Woik  nearly  ar- 
ranged for  the  Frefs. 

*  Scintillation  of  the  Stars  is  mofl  in  thofe  Stars  which  arc 
neareft  the  Horizon,  feems  to  be  produced  by  the  intercepting 
particles  of  dud  floating  in  the  Air.  If  a  (mall  flat  piece  of 
glafsj  about  the  fize  of  a  filver  penny,  be  laid  upon  the 
ground,  between  the  obferver  and  the  Sun,  with  the  plane 
of  it  a  little  declining  from  the  Sun;  when  about  30  or  40 
yards  from  it,  the  image  of  the  Sun  reflefted  from  it  appears 
bright  and  fteady  ;  when  3  or  400  yards,  will  twinkle  in  the 
fa.mc  manner  as  the  Stars  do, 
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the  Ecliptic,  one  half  of  their  courfe  on  the  North 
fide,  the  other  half  on  the  South  fide,  never  ex- 
ceeding 8  degrees  from  it ;  thefe  were  diftinguifhed 
by  two  leffer  circles  parallel  to  the  Ecliptic,  one 
on  each  fide;  dividing  this  fpace  into  Confi;ella- 
tions,  reprefented  by  aninials,  was  called  Zodiac, 
or  Circle  of  Animals.* 

Numh(Y 

*  Zodiac.  Macrobius  flrft  explained  the  reafon  of  the 
Conftellations  ;  Cancer  and  Capricorn,  thus  being  called,  tlie 
one  emblematical  of  the  retrograde  motion  of  the  Crab,  the 
other  fimilar  to  the  afcending  of  Goats  in  their  feeding  ; 
Aries,  Taurus,  and  Gemini,  the  chief  attention  of  the  Eaft- 
ern  nations  were  to  their  Flocks.  Gemini,  which  now  is 
reprefented  as  Caflor  and  Pollux,  in  the  Zodiac  of  the  pri- 
mitive  times  was  reprefented  by  two  Kids. 

Leo  reprefents  the  fcorching  heat  of  the  Sun  in  July  ;  \''ir- 
go  fignifies  the  gleaning  Virgin  ;  Libra  the  Equinox  ;  Scor- 
pio charafteriftic  of  autumnal  Difeafes  ;  Aquarius  the  rainy 
Seafons;  Pifces,  when  Fifh  moftin  feafon. 

It  has  been  faid  ihe  ancients  had  only  eleven  figns,  that 
Libra  has  fince  been  added.  Virgil,  in  compliment  to  Julius 
Caefar,  afks  him  where  he  would  chufe  to  fix  himfelf  in  his 
heavenly  condition,  mentions  the  Scorpion  occup)  ing  two 
places,  &c.  So  Ovid,  when  defcribing  the  terrified  fituation 
of  Phaeton,  when  he  arrives  at  this  part, 

"  Eft  Locus,  in  geminos  ubi  brachia  concavat  arcus, 
*'  Scorpiofi  &  Cauda,  fiexifque  utrinque  lacertis, 
'«  Porrigit  in  fpatium  fignorum  membra  duorum." 
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Number  of  Stars. 

Ptolemy  tells  us  that  Hipparchus,  the  Rhodian, 
enumerated  1026  ;  Bayer  gave  a  lilt  of  1 160  ;  He- 
velius  1888;  Flamftead  300  j  Stars;  Antonia  de 
Rheita  counted  in  the  Condellation  of  Orion  above 
•2COO  Stars.  Dr.  Herfchel's  powerful  telefcope 
difcovered  44,000  in  the  fpace  of  a  few  degrees, 
which  from  proportion  fecm  to  indicate  75  millions 
in  the  Heavens. 

According  to  the  account  of  Hevelius,  Caflini, 
and  others,  the  Stars  are  not  immutable,  fome  new 
ones  appear  and  others  vanifh. 

The  fixed  Stars  arc  each  Suns,  probably  illumi- 
nating their  refpedlive  Planets  as  our  Sun  :  it  is 
fuppofed  that  thefe  Suns,  attended  by  all  their 
Planets,  have  a  general  motion. 

The  Dijlance  of  the  Fixed  Stars, 

'    TiiE  mofl:  Confpicuous  is  Sirius  :  yet  the  Earth 
in  moving  round  the  Sun  is  at  one  time   198  mil- 

Viigil  in  another  part  mem  ions  Libra, 

"  Libra  Die  lomnicjue  pares  ubi  fecent  horas, 

'♦  Et  medium  luci  atq  le  umbris  jam  dividet  Oibcm." 

And  Horace  mentions  them  both, 

"  Seu  Libra,  icu  me  Scoi'pius  af^jlcit." 
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lions  of  miles  nearer  than  at  another,  yet  the  mag- 
nitude of  the  Star  does  not  appear  the  lealt  altered. 

To  afcertain  the  diftance,  Gregory  fuppofed  Si- 
rius  to  be  of  the  fiime  bignefs  with  the  Sun,  and 
to  have  the  fame  apparent  diameter  as  Jupiter  in 
Oppofition.  Huygens  fays  their  diameters  cannot 
be  meafured,  as  being  only  lucid  points  ;  he  adopt- 
ed another  mode,  by  which  he  afcertained  it  to  be 
27,664*  times  farther  than  the  Sun.  Cailini's 
method  was  equally  hypothetical,  who  only  made 
it  384  times  as  far  as  the  Sun. 

This  has  been  more,  accurately  determined  by 
the  great  difcovery  of  Dr.  Bradley,  on  the  Theory  of 
the  Light's  Motion ;  his  obfervations  were  made 
on  a  Star  in  the  Head  of  Draco  to  be  10,210  times 
greater  than  the  diameter  of  the  Earth's  Orbit,  by 
a  theory  now  called  by  aftronomers 

The  Aberration  of  Light.f 

*  Huygens  covered  one  end  of  a  twelve  foot  empty  tube  . 
with  a  very  thin  plate  of  brafs,  wherein  he  had  pierced  a 
very  fmall  hole,  not  exceeding  the  140th  part  of  an  inch, 
\^ich  reduced  the  Sun  to  iSad  part  of  his  whole  diameter  ; 
he  appeared  much  brighter  than  Sirius ;  a  fmall  globule  of 
ghfs  of  the  fame  fize  of  the  hole  was  put  in,  and  which  re- 
duced it  to  the  1520  part  of  i8b,  ec^ual  to  27,664. 

f  Aberration  of  Light.    Ricriolus  and  others  obj^£ling 
to  the  Copernican  fyilsm,  that  if  the  Earth  moved  in  an  an- 
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iiual  Orbit  round  the  Sun,  there  would  be  a  difference  ob- 
ferved  in  the  meridian  aUitude  of  a  fixed  Star,  in  ilie  fame 
place  of  obfervation  at  different  feafons,  called  the  Earth's 
Annual  Parallax,  being  that  angle  under  which  the  diameter 
of  the  Earth's  Orbit  would  be  feen  from  that  Star,  if  this 
bore  any  proportion. 

Dr.  Hooke,  to  determine  this,  directed  his  telefcope,  fixed 
in  the  roof  of  his  houfe,  of  36  feet,  to  the  bright  Star  in  the 
Head  of  Draco,  which  paiTeih  nearly  over  the  vertex  of  Lon- 
don :  the  angle  he  determined  to  be  27  or  30  feconds,  about 
17,000  times  as  far  off  as  the  Sun.  Flamftead  found  this  in- 
correft  :  in  order  10  have  a  fecivre  building,  he  fixed  the  aich 
of  a  circle  to  a  ftrong  wail  at  Greenwich,  now  called  the 
Mural  Arch,  and  found  it  after  7  years.  40  or  45  feconds. 

The  inftrument  was  no  ways  accurate.  In  1725  Dr.  Brad- 
ley made  ufe  of  one  made  by  Graham  :  the  refult  of  many 
obfervations  were,  that  the  Star  appeared  more  northerly  in 
December  than  in  June,  contraiy  way  to  what  it  ought  to  be 
from  the  annual  parallax.  Dr.  Bradley  concluded  this  to  a- 
rife  from  the  prog.reffive  motion  of  Light.  This  angle  he 
found  to  be  ab«ut  30  feconds,  and  which  is  in  proportion  to 
the  angle  at  the  Bafe  as  i  to  10799  >  ^^  '•^^^*  '•^^  motion  of 
Light  is  fo  many  times  greater  than  that  of  our  Earth,  and 
the  diftance  of  the  Sar  10.799  times  the  diameter  of  the 
Earth's  Orbit,  viz,  2033408000000  miles. 
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ADDENDA, 


A  S  the  explanation  on  mechanical  principles  of 
■*-  ^  thofe  experiments  which  are  generally  ad- 
duced to  demonftrate  the  exiftence  of  certain  ac- 
tive powers,  as  Attra£lion  and  Repulfwn,  had  been 
fully  given  in  a  volume  of  Philofophical  Effays 
lately  publilhed;  in  the  Analyfis  reference  has  been 
given  to  this  work  :  the  Author  underflands  from 
the  Printer  that  there  are  not  many  Copies  left,  on 
which  account  he  has  thought  proper  to  tranfcribe 
from  the  aforementioned  work,  what  peculiarly 
relates  to  thefe  experiments. 

Experiment  I.  I'he  tendency  of  light  Bodies  float- 
ing on  the  Jurface  of  Water  contained  in  a  vejjel^ 
towards  the  fides  of  that  veffel. 

When  a  glafs  velTcl  is  nearly  filled  with  water, 
a  thin  glafs  bubble,  or  a  piece  of  cork,  placed  on 
the  furface,  moves  with  an  accelerated  force  to- 
wards the  lidc  of  the  vefTel. 

In  floating  a  body  which  is  fpecifically  heavier 
than  water,  but  whofe  gravity  is  not  fufficient  to 
overcome  the  combinatory  union  of  the  particles 
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of  water,  as  a  needle  fwimming  on  water,  a  con- 
trary effedt  is  obferved  ;    the  needle  avoids   the 
fides  of  the  glafs,  and  tends  towards  the  centre. 

Iftheglafs  veffel  be  filled  to  the  iitmoft  with 
"Water,  thefe  effedls  are  reverfed  ;  the  glafs  bub- 
ble flies  from  the  edges,  and  moves  with  rapidity 
towards  the  middle;  the  floating  needle  in  this 
cafe  does  not  retain  its  central  fituation,  but  moves 
with  an  increaiing  velocity  towards  the  fides. 

In  either  cafe,  a  large  folid  fi:ick  of  glafs  no  ways 
influences  the  bubble  or  needle,  however  near  ap- 
plied, unlefs  the  fl:ick  touches  the  water. 

Thefe  eflecfts  are  the  neceffary  refults  of  the 
fluid  varying  in  its  height. 

In  a  half  filled  glafs,  the  fluid  is  highefl:  in  that 
part  where  it  is  in  contatfl  with  the  glafs,  and  low- 
efl:  in  the  centre ;  as  bodies  fpecifically  lighter  than 
the  fluid  on  which  they  float,  mufl:  rife  to  the  fu- 
perior  part,  the  cork  or  glafs  bubble  will  from 
hence  approach  the  fides  of  the  veflTel,  while  a  nee- 
dle being  fpecifically  heavier,  will  defcend  to  the 
lowefl:  part. 

Thus  melted  lead,  when  left  to  cool  in  a  veflel, 
has  always  a  depreffion  towards  the  centre. 

When  a  glafs  is  more  than  filled,  the  water  is 
highefl:  in  the  centre,  and  lowefl:  tov\  ards  the  cd^e  ; 
in  this  cafe  the  fpecifically  lighter  body  will  move 
towards  the  centre,  and  the  heavier  one  towards 

the  circumference. 
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Fluids  move  in  that  diretflion  v/here  they  meet 
with  the  leaft  refiftance  ;  a  fluid  confined  in  a  velTel 
tending  towards  the  centre  of  the  Earth,  meets 
with  lefs  refiftance  in  its  central  portion,  than  in 
that  part  where  in  contad  with  the  folid  body, 
which  limiting  the  preffing  adion  of  the  whole  fia^ 
id,  renders  it  the  highefl:  in  the  circumference. 

When  a  vefTel  is  more  than  filled,  the  edge  of 
the  fluid  is  in  contadt  with  Air,  where  it  meets  with 
lefs  relifl:ance  than  in  its  central  portion,  in  this 
cafe  the  fluid  hangs  over  the  edge  of  the  veflel,  the 
gravity  of  the  fluid  not  overcoming  the  combina- 
tory union  of  the  particles  of  water  j  hence  the  cir- 
cumference will  be  the  lowefl. 

7he  Rife  of  Fluids  in  Capillary  Tubes. 

When  a  tube  of  a  fmall  bore  is  immerfed  in  wa- 
ter, the  fluid  rifes  to  a  certain  height  above  the  le- 
vel. If  a  tube  twelve  inches  long,  and  whofe  bore 
does  not  exceed  the  twentieth  part  of  an  inch,  be 
divided  into  twelve  part^,  when  one  part  is  im- 
merfed in  the  fluid,  the  water  rifes  near  one  inch 
and  a  half  in  the  tube  ab'ove  the  level  ;  when  two 
parts  of  the  tube  are  immerfed,  the  afcent  is  about 
one  inch  and  a  quarter;  when  three  parts  arc  im- 
merfed, the  difference  is  flill  lefs  j  when  ten  parts 
are  immerfed,  the  rife  is  not  more  than  a  quarter 
of  an  inch  ;  wnen  the  whole  tube  is  immerfed,  the 
afcent  is  nothing. 

If 


(      2l6       ) 

If  the  fides  of  the  tube  caufed  the  fluid  to  fife! 
by  virtue  of  any  attradive  power,  why  fhould  there 
be  this  gradation  in  the  afcent  of  the  fluid  ? 

Thefe  effeds  arife  from  the  difi'erent  elafticicy  of 
the  Aii" ;  the  elafticity  of  the  Air  is  always  a  coun-- 
teracfling  balance  to  the  general  preflure  of  the  At- 
mofphcre :  as  a  diftended  bladder  preferves  its  dif- 
tenfiottj  becaufe  the  elafticity  of  the  included  Air  is 
equal  to  the  prelTure  externally;  As  the  elafticity 
of  the  Air  is  the  adtion  and  readion  of  its  conftitu- 
ent  particles  in  a  minute  column,  there  cannot  be 
the  fame  elafticity  as  in  the  furrounding  unconfined 
Air.  When  the  tube  is  immerfed  in  the  water,  the 
prefTure  of  the  outer  Air  will  caufe  the  water  to  rife  j 
when  the  tube  has  more  of  its  parts  immerfed,  then 
the  afcent  is  not  fo  great,  becaufe  the  Air  in  the 
tube  out  of  the  water  being  nearer  the  Atmofpheric 
mafs,  necefiarily  increafes  in  its  elafticity,  and  pro- 
portionably  refifts  the  rife  of  the  water ;  this  relift- 
ance  increafes  the  lefs  portion  of  the  tube  there  is 
out  of  the  water,  till  ultimately  the  refiftance  is 
equal  to  the  atmofpheric  preflure. . 

A  fluid  will  rife  to  a  certain  degree,  when  the 
wpper  end  of  the  tube  is  not  open  ;  alfo  an  cledrical 
fpark  will  ftrike  a  conduding-  body  at  a  greater  dif- 
tance  thro'  a  fmall  tube,  than  thro'  theopen  Air. 
It  may  be  objeded  to  this,  that  the  fluid  will  rife 
in  tubes  placed  within  an  exhaufted  receiver ;  in 
the  imperfed  manner  a  receiver  is  exhaflfted,  the 
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ratio  oftheelafticity  of  the  Air  in  the  tube  to  that 
of  the  receiver  will  be  the  fame  as  above. 

The  Force  -with  which  tioo  poliJJied  leaden 
Hemifpheres  cohere. 

When  two  polifned  leaden,  or  other  foft  mC:- 
tailic  Hemifpheres  are  rubbed  together  with  a  ro- 
tary morion,  they  cohere  with  fijch  power  as  to 
require  a  weight  for  their  feparation  confiderably 
more  than  what  would  be  requifite  for  the  fepara- 
tion of  cxhaufted  Magdebourg  Hemifpheres  of  the 
fame  fize^  Two  leaden  Flemifpheres,  of  about  an 
inch  and  a  quarter  in  diameter,  will  require  1501b, 
to  feparate  them. 

When  the  planes  are  placed  upon  each  other,  and 
preffed  with  everfo  great  a  weight,  there  is  noco- 
hefion  produced.  No  fuch  effect  is  induced  by  the 
application  in  any  mode  ofbrafs  or  iron  Hemif- 
pheres. When  a  leaden  Hemifphere  is  examinee^ 
after  the  cohelion  has  been  produced,  the  furface 
appears  coyered  with  fpiral  lines  and  ridges,  where 
particles  of  the  lead  are  raifed  up. 

From  this  circumflarice  the  power  with  which 
they  unite  is  eaiily  explained. 

Thereverfe  rotary  motion  round  the  axis  of  each 
Hemifphere  raifes  up  on  each  plane  particles  of  the 
lead  in  contrary  diredions,  fo  that  all  the  particles 
of  the  one  being  locked  with  thofe  of  the  other, 
■vvill  refift  feparation  in  proportion  to  the  number 
pf  particles  thus  entangled.     However  ftrong  the 
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Heniifpheres  are  united,  they  do  not  in  the  leafl:  re- 
ii'i  the  fame  rotary  motion  which  induced  the  union. 
When  the  Hemifphereshave  thus  I)een  ufcd  two  or 
three  times,  the  furfaces  become  fo  ii-regular,  that  no 
union  can  be  induced  till  the  furfaces  are  fcraped. 

Thefe  circumllanccs,  which  have  been  adduced 
as  proofs  of  the  exif^ence  of  certain  powers,  are  re-, 
ducible  to  pure  mechanical  principles;  fo  alfo 
Gravitation,  Optics,  Eledlricity,  and  the  Dodrine 
of  the  Tides,  have  been  finiilarly  explained  in  the 
foregoing  Analysis,  as  copiouOy  as  the  limits  of 
■fuch  outlines  will  admit.  Thefe  PouerSy  as  well 
2s  the  nature  of  a  Vacuum^  the  Author  has  pre- 
sumed to  rejed  in  this  Syftem  of  Philofophy  ;  he 
is  in  hopes  that  the  ground-work  will  be  clear  and 
^Evident,  when  the  fundamental  principles  are  cog- 
nizable to  ^very  mind.  When  he  firfl:  commenced 
the  liudy  of  philofophy,  he  found  himfelf  embar-? 
rafied  by  crouds  of  Powers^  tetherial,  Aimofpheres^ 
aitra^ive  and  npulfroe  Influences^  &g.  not  being 
enabled  to  conceive  their  exiftence,  he  felt  himfelf 
difcouraged  in  his  purfuits,  and  attributed  to  his 
own  inability,  what  he  now  finds  incomprehenfible 
to  all. 

If  by  any  exertions  of  his  the  fludy  of  Philofo- 
phy fhould  any  ways  be  facilitated,  if  by  any  ex- 
planation he  has  attempted,  the  fundamental  prin- 
ciples fhould  be  ealicr  comprehended,  hispurpofe 
will  be  fully  anfwered. 
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ELECTRICITY, 

The  Efliiy  on  EIc6lricity  has  been  publifhed  fome 
time  ;  as  it  contains  the  outlines  of  the  Ledures  on 
this  Branch  of  Natural  Philofophy,  it  has  been 
thought  advifeable  to  annex  it  to  the  Analyfis  in- 
Head  of  reprinting  it.  In  additional  confirmation 
of  the  Theory  there  advanced,  the  Author  begs 
leave  to  add  the  following  remarks. 

Pith  balls  placed  under  a  receiver  exhaufted  of 
Air  to  its  greateft  degree,  do  not  diverge  on  the 
application  of  Ele6lricity. 

In  condenfing  Air,  in  an  infulated  brafs  ball  on 
which  are  fufpended  two  pith  balls,  on  the  firft 
condenfation  the  balls  diverge  with  pofitive  Elec- 
tricity ;  on  continuing  the  condenfation,  caloric 
is  then  given  out :  when  the  Air  is  difengaged,  the 
balls  diverge  with  negative  Eledlricity.  Calori(; 
is  abftraded  from  furrounding  bodies,  a  coniide- 
fable  degree  of  cold  is  induced. 

Alighted  taper  placed  between  two  balls  of 
an  univerfal  difcharger,  the  flame  will  be  in  anop^ 
pofite  diredion  to  that  ball  which  communicates 
with  the  poiitive  fide  of  the  Leyden  Jar. 

A  Leyden  Phial  placed  under  an  exhaufted  re- 
ceiver cannot  be  charged  ;  even  when  charged,  as 
the  exhauftion  goes  on,  the  Eledlricity  equalizes  it- 
felf.     When  two  Atmofpheres  are  condenfed  into 
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;the  fpace  of  one  Atmofpherc,  the  charge  of  the 
Leyden  Phial  is  proportionally  increafed. 

Cuthbertfon's  Electrometer,  in  its  action  fimilar 
to  Brooks,  in  the  form  of  a  balance,  the  end  com- 
municating with  the  pofitive  fide  of  the  Jar  a  few- 
grains  heavier  than  the  other  arm,  underneath  which 
is  placed  a  Aiding  rod  with  a  ball,  communicating 
to  the  negative  iide.  The  intenlity  of  the  charge 
will  be  meafured  by  the  diftance  between  the  ball 
of  the  Aiding  rod  and  the  ball  of  that  arm  of  the  ba- 
lance which  is  not  coniiedled  with  the  pofitive  Ade 
of  the  Jar. 

As  the  Jar  is  charging,  the  balance  participates 
of  the  intenfity  ;  in  this  ftate  polTefles  more  tlian 
the  furrounding  Air,  the  Air  aded  upon  by  this 
furcharge,  reads  on  the  ball ;  that  portion  of  Air 
between  the  two  balls  reads  lefs  than  the  Air  above 
the  ball,  owing  to  the  adion  of  the  Eledricity  in 
tlic  balance,  cauAng  the  Air  placed  between  it  and 
the  ball  of  the  Aiding  rod  to  unload  itfeif  of  an  ade- 
quate quantity  of  Eledricity ;  fo  that  the  readion 
of  the  Air  above  the  ball  being  greater  than  from 
that  below,  the  ball  is  preAed  downwards,  and  the 
difcharge  takes  place.  As  the  reAAance  to  over- 
come is  in  proportion  to  the  diAance,  this  becomes 
a  meafure  of  the  intenAty. 
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